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Many years a^o 1 became interested in the salmon and its remark 
able life history Good fortune brou^t me in person il contact with 
that great student of Amciicsn hshes David Starr Joidan whose 
work on the Pacific salmon is well known His discussions further 
stimulated my interest and I was able to enter on a senes of field 
studies which has extended over more than 25 years Ihis work has 
been mtensive rather than extensive and has taken a different direr 
tion from that of most of those who have been aetive in this field 
hitherto 1 rom the start it has been rather stnctly limited in that it 
was confined primanly to a single species of Pacific salmon the sock 
eye or n d salmon {Oncorhynchus nerka) and to that part of its life 
cycle spent m fresh water I have been able to carry on this study at 
several widely separated places and incidentally to accumulate also 
scattered information concerning related species and genera which 
has afforded a valuable < heck on my own more extended observations 
of the led salmon 

Desiring to secure the most intimate contact possible with the 
species 1 have spent the summer months following the adults from 
river mouth to spawning groimd endeavoring to determme just what 
they did and why under varying conditions of stream climate and 
weather The tales and interpretations of tourists natives fishermen 
and Indians were welcomed and subjected to impartial scrutmy in the 
task of sifting some truth from the mass of error and fancy that al 
ways pervades popular accounts of animal life This combination of 
personal observations with explanations of others has in the course of 
time given an intimate knowledge of the fish in its environment suffi 
cient to justify calling this address a study of salmon psychology It 
18 presented with full recognition of its mcompleteness and imper 
factions as a basis for directing attention to a somewhat neglected 
aspect of the study of the salmon 

' Address delivered before the Wash nteton Academy of Soienoes December 17 
1B36 Received November 20 lOdS 
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Extensive studies on various types of animals have shown the exist¬ 
ence of internal or functional influences and also of external or en¬ 
vironmental influences as controlling or directing factors in animal 
activities. Internal influences are undoubtedly as real and as powerful 
in fish as in other types of animal life. They are however not discussed 
here. The purpose of my early studies has been to ascertain how far 
and in what way the activities of the Pacific salmon in fresh water are 
determined or modified by external factors. To do this it was neces¬ 
sary to collect by careful and extended study a considerable volume of 
facts and then to seek to correlate those facts with environmental 
conditions and the life of the fish. It seems probable that some inter¬ 
nal or functional urge impels the adult salmon to start on its migration 
to the distant spawning grounds, but its exact course will be deter¬ 
mined by series of environmental influences which at successive points 
condition its movements and thus determine its path. Unfortunately 
past observations on the fish have often been discontinuous or unre¬ 
lated, and interpretations too largely anthropocentric. 

The interpretation of animal activities from the standpoint of hu¬ 
man procedure leads into serious misunderstandings. These are most 
apparent as one departs widely from those types of animal life which 
most clearly resemble man in structure and development. Nowhere 
is the error more frequent and more serious than in the treatment of 
the activities of fish. Even at the first laboratory studies on the struc¬ 
ture of fish every student is confronted with the special development 
of the central nervous machinery, with the absence of the cerebrum, 
or fore brain, and the magnitude of the olfactory lobes. The student 
is impressed by the radical difference between the set-up of this sys¬ 
tem and that of man and the higher vertebrates. From it one may 
rightly infer that these differences indicate a basis for behavior of sig¬ 
nificantly different type. A correct knowledge of their habits also and 
of the underlying basis for their action in particular cases is of primary 
importance not only in seeking to explain the biological problems in 
the life history but equally in determining laws for the protection of 
the fish and proper methods of fish culture to increase numbers and 
provide against an excessive draft on the fish population in man's 
Bcari'h for sport and food. 

The study of responses to external stimuli must be made with defi¬ 
nite precautions always in mind. First the environment is complex 
and one may find on analysis that the observed reaction may be due 
to any one of several stimuli. By extended observation or by experi¬ 
ment these stimuli may be separated or their particular influence 



Jan. 15, 1930 


ward: baluon psychology 


3 


be measured. Second, different species or varieties of animals even 
though closely related act differently under some apparently identical 
conditions. Accordingly the first step towards the solution of the 
problem m\ist l)c taken along the path of determining how one sort 
of salmon reacts under given conditions. It is not difficult to sec m 
certain cases how confusion has arisen because of failure to observe 
these precautions. 

In the interpretation of salmon activities, a multitude of influences 
may appear in a particular choice. One must not expect to find a 
single factor determining what may appear to be superficially a single 
choice, and the determination of the route chosen by a salmon may 
depend at one point upon one and at a second place upon another en¬ 
vironmental condition. In general, the salmon running in a given 
stream and at a set time all make the same choice, following a route 
in the river system often apparently erratic and without evident 
reason for the preferences shown. However, the path taken by a salm¬ 
on run IS consistently uniform year after year and spawning grounds 
in a given river system are limited in number and location. 

The numlier of elements which might possibly be involved in the 
choice of the route is large enough to make the basis for the series of 
choices difficult to determine, and some earlier observers have felt 
themselves forced to adopt a mystical explanation. However difficult 
it may be to solve the problem, the scientist is not justified in accept¬ 
ing this solution. All the experiments with these fish under controlled 
conditions and all observations of fish in naturf* show a definiteness 
of choice which may reasonably be considered to have a factual basis. 
The problem of the student is to determine this basis in individual 
cases and by extended observations to ascertain how widely similar 
conditions determine the same reaction. 

The salmon ranks rightly ns the most famous of all fish. Its life 
story manifests a complexity by virtue of its migration from the sea, 
which is the home in the active growing life period, to fresh water for 
the discharge of its reproductive functions. Rome confusion has been 
introduced into the story of the salmon as told by different narrators 
through the combination of features from the life histories of differ¬ 
ent species of this fish. In this address attention will be directed chiefly 
to a single species of Pacific salmon, the sockeye or red salmon, in the 
effort to analyze and determine accurately the response of that fish 
to the stimuli acting upon it in the changing environments encoun¬ 
tered. The life in the ocean is for the most part unknown. The full 
grown fish appear regularly at the surface of the sea near some river 
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mouth at a given season, enter fresh water streams, ascend to spawn¬ 
ing grounds in the higher reaches, and, after discharging this function, 
all die. The eggs spend a winter in the gravel and the young which 
hatch in the spring descend gradually to the sea and there disappear, 
to return after a period as full-grown adults. The young sockeye does 
not start its journey down stream usually until the second or rarely 
the third spring. 

Following the activities of an adult salmon in this migratory period 
of existence, one notes first that from the moment of entering the 
stream it is consistently fighting the current, always moving upward 
toward its goal. This response to the current stimulus contrasts posi¬ 
tively with that of the young on the way to the sea, not swimming 
actively but drifting, feeding and playing, they float somewhat lei¬ 
surely down the stream to salt water. While most young salmon start 
promptly down stream, the sockeye regularly does delay one year 
or more in a lake. 

The adult salmon insistently pursue their course upstream, striving 
at rapids and falls to surmount these difficulties, and, despite unsuc¬ 
cessful attempts, persist in their efforts until they make their way 
into the higher levels or are exhausted and die. The erection of a bar¬ 
rier across the stream holds them at such a point, striving day and 
night to find a way upstream, but never turning back to seek a path¬ 
way in some other waters. When exhausted in their efforts to pass the 
barrier, they may drop back into a qmet, deep pool to rest before 
renewing their efforts. This may carry them back some distance, per¬ 
haps past a fork in the stream. Foerster records that on the Vedder 
River sockeye once started up the wrong stream at the fork when 
returning from such a rest. However, they proceeded only a short 
distance and finally returned to the fork whereupon they turned into 
the right branch, ascending to the barrier and resumed their efforts to 
find a way past it. 

Incidentally, observations on salmon at barriers and in their efforts 
to ascend rapids or jump the falls, demonstrate very clearly that their 
course is not detemuned by sight, but by definite response to the 
movements of the water. They may even, when caught in a whirlpool, 
jump directly away from the fall. They may attempt to surmount 
the obstacle at some point where no passage is available, but by per¬ 
sistent effort or delaying at times for changes of water level, they suc¬ 
ceed at places where, to the observer, success appears impossible on 
account of the height of the fall or the scanty flow of the stream. 

On only one occasion have I seen sockeye during an upstream mi- 
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gration turn about and definitely swim down stream. In this instance 
closing the gates at a dam higher up on the stream brought about a 
sudden drop in water level. Then the salmon caught in a rapids be¬ 
came visibly alarmed by the change in water level, turned about and 
darted down stream until they reached a deep pool. Once in deeper 
water their excitement subsided, they began to mill around and when 
an adequate current was found started once more on the upstream 
journey. 

When a stream is swollen to an unusual extent the movement of an 
upstream migration may be temporarily suspended. Thus extreme 
fluctuations of water level either up or down, modify mechanically 
the response to the current stimulus but even before the normal water 
level is fully restored the adult salmon start again the active dash 
upstream. 

When the current proves too powerful to be conquered, the salmon 
do not go back to try another tributary and sock a new spawning 
ground or find an easier approach to the headwaters. They fight the 
stream until they perish and the run is destroyed. This was the story 
of the sockeye at Hell’s Gate on the Fraser River. 

If by drought or some human interference the nvor flow is cut off, 
they linger in pools waiting for the water to come again. If it does, 
they start up once more. If it does not, they perish from disease. But 
they never turn backl 

As the adult soetkeye, struggling vigorously and constantly against 
the current, swims up stream toward some spawning grounds, its 
route is so definitely limited that it has only two occasions for exer¬ 
cising a choice that will determine its pathway and its ultimate des¬ 
tination. First, whenever it reaches a junction, it might follow either 
water route offered. Second, it must sometime bring its journey to 
an end and choose a spawning ground. 

The pattern of a stream system is complex, even though it be only 
a system of moderate size like that of the Skagit River in the State of 
Washington. Of the numerous possible tributaries into which the 
sockeye might conceivably go and of the many lakes and spawning 
grounds which might be selected, only a very few are actually visited. 
Furthermore the selection is the same year after year, which some 
observers ha^'e explained on the ground of an instinct; let us consider 
briefly the result of studies at such stream junctions. Earlier investi¬ 
gators spent some time in testing physical conditions at many junc¬ 
tions. Tliey found that the sockeye did not choose consistently the 
larger stream, the more rapid current, the clearer water, or the re- 
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verse. In other words the choice was not determined by volume, veloc¬ 
ity, turbidity or any other physical factor which they observed. 

After having repeated these older observations without securing 
any different results, I noticed that in the earlier records statements 
regarding temperatures were vague, being entered in the record as 
“water warmer,” or even only “warmer.” Previous studies on fresh 
water bodies had involved careful serial observations on temperature 
and I was aware of the frequent contrast between conditions in air 
and in water. I began to take temperature records of lakes and stream 
during the sockeye migrations. Records were made of frequent ob¬ 
servations at stream junctions and in spawning areas. Data were se¬ 
cured under all conditions of season, sunshine, wind, light, cloud, 
stream velocity and volume, melting snow and iee, and other factors 
that might possibly determine locally in any degree the relative con¬ 
dition of the aquatic environment during, before and after the sockeye 
run in certain streams. 

Before proceeding to discuss examples of temperature influence, let 
me emphasize the fact that temperature limits are not absolute, nor 
can they be expressed in figures. There is nothing mathematical in 
the situation. It is however a very genuine relation. As in many other 
animals the sockeye recognizes a preferred zone of temperature and 
doubtless senses optimum, maximum and minimum levels although 
studies have not progressed far enough to assign even general numeri¬ 
cal values to these levels. Furthermore the sockeye in one river do 
not react favorably to the same temperatures as those which are 
found in some other river. In general the sockeye in Alaskan rivers 
are acclimatized to a set of lower temperature levels than those in a 
Washington State river. Too few rivers have been studied to establish 
the conditions in many salmon streams or to justify attempts at 
generalization. Only brief reference can be made here to instances 
which with others are fully discussed elsewhere. 

My own observations have shown definitely that in a considerable 
series of cases where the branches of a stream differ in water tempera¬ 
ture, the salmon universally chooses the one which has the lower 
temperature. This is in keeping with a long accepted general belief 
that not only the salmon, but other fish belonging to the same family, 
are fond of the colder waters. In some cases the migrating salmon 
show equal defimteness of choice at junctions where no appreciable 
or constant difference in the temperature of the two streams could be 
demonstrated. Such a choice is evidently conditioned by some yet 
undetermined factor. Thus far no instance has been found in which 



Jan. 15, 1930 


ward: aALHON PSYCHOLOGY 


7 


the migrating salmon at a stream junction have chosen the branch 
exhibiting at the time of choice a higher temperature than the branch 
which was not followed; but this statement itself is conditioned by 
another factor, namely, the quality of the water in c}ue8tion. 

Migrating salmon have been observed to pass by without hesitation 
a tributary, branch, or side stream in which the character of the water 
was well indicated by its name of Sulphur Creek. A change in the 
course of the headwaters of Sulphur Creek which eliminated the ob¬ 
jectionable feature and left the water clear and cold resulted in divert¬ 
ing salmon from the ancient course into the modified waters of this 
creek, as it was now pure and lower in temperature than the stream 
the salmon left. Undoubtedly, other factors than water quality do 
determine the precise choice of migrating fish at stream intersections. 

The second opportunity for choice in the fresh water life of the 
salmon is afforded at the end of this journey upstream. For the sock- 
eye this upstream journey usually stops in a lake m or near which 
are the spawning grounds. In the deeper water of the lake they rest, 
it may be for some weeks, until they are ripe and the time for spawn¬ 
ing IS reached. To reach this point the sockeye sometimes without 
stopping pass through a lake in the course of the stream I have not 
been able to study conditions in such lakes. The lake in which they 
finally come to rest offers cool deep water as a resting place during the 
ripening of the fish. When the sex cells are close to maturity the fish 
rise out of the deep water and find gravel beds for spawning. These 
arc at points along the lake shore, in the inflowing stream just above 
the lake or in the outflowing stream near the outlet Here, again, it 
is sometimes evident at leiust, that a selection is made of areas in 
which the seepage of ground water or the inflow from a colder tribu¬ 
tary affords an attractive temperature and at the same time the type 
of gravel bottom selected for the nest of the fish. In northern latitudes 
this IS an interesting and important choice, since by it the salmon 
nests are made in seepage waters which do not entirely freeze during 
the winter, but arc kept open by the flow of the ground water. Wlien 
the fish restrained by an artificial barrier in the stream are prevented 
from reaching spawning grounds and forced through advancing ripen¬ 
ing to release eggs and milt in unsuitable areas, these consistently 
perish in the long cold winter of extreme northern locations, but eggs 
of the same fish, normally deposited in higher reaches of the same 
stream not less subject to adverse atmospheric conditions, survive 
and yield a new brood in the spring. 

The definiteness with which the salmon responds to the temperature 
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stimuliis in finding spawning places is strikingly illustrated in ob¬ 
servations I made in Clear Creek, a tributary of the Copper River 
in Alaska. The fish under observation were red salmon which, as 
Jordan, Gilbert, and others state of this species, “always spawn in a 
lake.” These observations I have recorded in full in an earlier paper. 
At the time of my visit salmon were found entering the stream from 
the Copper River, scooping out nests and spawning along the banks 
of the creek. Clear Creek does not now have any lake at any place in 
its course, nor has it any indication of having had a lake at any earlier 
period. At its junction with the river Clear Creek at the time of my 
visit was two degrees Fahrenheit lower than the river. The salmon 
turned into it promptly; the region in which they were spawning was 
mu<‘h colder than the stream further up; it was also an area in which 
a good supply of cold ground water was welling up into the stream 
through a sand and gravel bottom. No salmon were going upstream 
beyond this point; neither salmon nor evidence of previous spawning 
was found beyond that point. The fish fad here to spawn in a lake, 
the general habit of the species, but they conform definitely in the 
response to the temperature stimulus given elsewhere. 

But other environmental conditions probably aid the salmon in 
finding its way to the spawning grounds. The sockeye were found to 
be sensitive in some instances to the quality of the water, as in the 
ease of Sulphur Creek previously mentioned. At another place they 
refused to enter a trap built of uew green boards, though indifferent 
to a similar adjacent trap of seasoned concrete. Other observations 
also serve to show the existence of ability to discriminate on the basis 
of chemical sense (taste, smell). 

Sight plays a secondary role, in general, in the activities of fish. 
The eye is conspicuously rounded and myopic. While this is partial 
compensation for the density of the medium in which fish live, the 
eyes arc not accurate in interpreting objects. The lures of the fisher¬ 
man when effectively handled lead the fish to grasp at them or jump 
for them on the basis of position on the surface, movement, form, or 
color of a character known in other more desirable objects. The lure 
creates a transient impression by some feature that produces a par¬ 
ticular effect and not by its actual resemblance to the object sought by 
the fish. 

In the choice of the migration route and in the success of the sock- 
eye’s journey, sight plays an exceedingly minor part. At a rapids 
where the salmon seeks by jumping to attain a higher level, it often 
jumps into a closed pool, onto a bare rock surface, or into a tangle of 
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shore plants from which it may extricate itself by aimless floundering 
about, or where it may become trapped and perish. Tt will jump end¬ 
lessly at a fence erected to barricade the stream or swim back and 
forth incessantly seeking an opening large enough for its exit when no 
jump can top the fence and no search can find an opening. 

The migration route cannot even be generally directed by memory 
or persistence of past images. To be sure in many cases, perhaps in 
most, the adult fish ascends the same stream which in early life it de¬ 
scended to the sea. But as already noted the young fish going down¬ 
stream plays along near the shore; the adult swims strenuously in 
deeper water on its way up the same river. The two pathways are 
separated by a distance greater than the range of sight. Even if floods 
have not intervened and produced radical alterations, the river chan¬ 
nel and banks have changed every season and with that all the fea¬ 
tures with which the young fish had come in contact. Whatever aids 
sense perception gives in determining the way upstream, they are 
not furnished by the organs of sight. 

The influence of light on migration movements of the sockeyc is 
important to consider. In my observations the adults were not found 
to continue the upstream migration during hours of complete dark¬ 
ness but to rest in deeper holes or in eddies. With the coming of dawn 
they began to move upstream and in a brief time were vigorously 
combatting the current and jumping at falls. Tiator in the morning 
this activity diminished and ceased on sunlit days, tliough in cloudy 
weather it was manife.sted intermittently during the midday hours. 
As the sun declined the sockeye again became active and continued 
through the twilight hours. The iieriod of activity seemed to be 
limited to the time of diffused illumination and to terminate when the 
direct rays of the sun were no longer totally reflected from the surface 
of the water. When in the late afternoon conditions were changed 
again, then the fish were once more active until the twilight period 
came to an end. 

Some situations are difficult to analyze. Thus, the effect of a heavy 
rain is seen clearly and very promptly and has been witnessed and 
recorded by many observers, Irath on the Atlantic and on the Pacific 
coast. During a spell of dry weather, which usually is also warm 
weather, salmon which are at the mouth of a river or have started up, 
loiter about in deeper pools and appear to have lost the desire to 
fight the stream. Even a moderate rise in the stream as the result 
of rain promptly arouses the activity of the fish and they shoot ahead 
vigorously. Here the stimulation may be due to volume, temperature. 
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or quality of the water. The first-named cause seems least likely be¬ 
cause salmon in nature frequently leave a stream of large volume to 
continue the migration in one much smaller. But salmon like cooler 
waters such as one finds in streams after a rainstorm; then also they 
have fresher waters and changed relations of Oi and COt tension. 
This situation is only apparently modified in Alaska where warm 
sunny weather means rapid melting of ice and snow on nearby moun¬ 
tains. Thereupon the streams carry promptly a daily flood of cold 
water and the sockeye go up eagerly. This evidences that they also 
are keen at this period of life to follow the taste of fresh river water. 
Perhaps both stimuli here favor rapid action. In the complex environ¬ 
ment of nature many other factors still remain to lie investigated be¬ 
fore it is possible to complete the list of the responses which the adult 
salmon makes to the conditions met during the migration to the 
spawning grounds. 

Concerning the young salmon on its way to the sea, little need be 
said. I'hcre is no choice except to go or not to go, and tho movements 
of the young fish in the downstream direction arc slow and apparently 
hesitating. Young sockeye do not leave the lake m or near which they 
were hatched until the second spring or even later. As they proceed 
downstream they feed and play in the small eddies along the shore, 
dropping occasionally from one level to another as if disinclined to 
make the venture. But they go over the spillway of a dam involvings 
descent of 240 feet in just the same way that they drop down a O-inch 
step in the rapids. Their vacillating movements contrast sharply with 
the vigorous striving of the adult to make the ascent of the river. In 
lakes or reservoirs met on the journey the young keep near the shore; 
when affected by rising temperature of surface waters they descend 
into deeper water to find a cooler environment and become trapped 
by the 8urfa<‘e stratum of warmer water which blankets the lake and 
cuts off access to the outflowing stream. Here in the lake or reservoir 
they remain “land-locked,” cut off from further downstream migra¬ 
tion since that can only be carried out if they desert the cool, deeper 
water levels to enter a warmer current. And that they will not do. 
So here again is seen the response of the salmon to a temperature 
stimulus. Those young sockeye which find their way open and reach 
the sea, disappear in the deeper waters, and thereby pass out of the 
freshwater region to which this account was to be limited. 

These observations show only imperfectly the influences which 
direct the tnigration of the adult salmon in the period of its freshwater 
existence. Further determination of factors or of the extent to which 
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those illustrated are operative, must await further studies, but from 
these one may conclude that at least one current belief is not tenable. 
The hsherman stoutly avers that the adult salmon returns to the 
very gravels in which it was spawned and hatched, and this view, 
designated as the “parent stream theory,” is widely held by others. 
But after all, this is no explanation in any sense; it is at most only 
a convenient expression to conceal lack of knowledge concerning the 
real situation. At best it assumes the inheritance of a vague, indeter¬ 
minable influence which docs just the right thing at just the correct 
time to enable the young salmon to find their way from the river 
mouth to some suitable feeding grounds in the ocean and when the 
time of maturity is near at hand to retrace their steps to a place 
known to be fitting for spawning because these particular fish were 
spawned and started life at that point. A view so indeSnite, so 
loaded with assumptions and so mystical in character, can hardly 
serve the purposes of scientific investigation however convenient and 
appealing it may be. 

Some of the difficulties in accepting this view deserve at least brief 
mention here. The correctness of the assumption that the salmon re¬ 
turn to a parent stream is at least still open to question. Time docs 
not permit an extended discussion here of the proofs thus far offered. 
It is my intention to present at a later date a fuller analysis of the 
various observations and experiments which have been put on record. 
In my opinion they arc not conclusive. While they show that some 
salmon do conform to the assumption, it is equally certain I think, 
that all do not. The positive evidence secured has been unduly em-. 
phasized and the defects in the proof overlooked. The number of sal¬ 
mon that have been marked or tagged in numerous experiments is 
very large, the percentage of such that have been recaptured is too 
small to justify the claim that the record is “conclusive evidence.” 
Let me illustrate what I mean. 

A serious-minded student stands at the entrance of a great indus¬ 
trial plant and watches 10,000 employees pour out and swann down 
the road which leads to the city. By skill he marks 500 of these and 
his assistant located at the entrance to an amusement resort on the 
other side of the metropolis recognizes 10 of the marked men and wo¬ 
men entering the resort some hours later. He thinks there were more 
who passed unnoticed in the crush at the gates he was watching. No 
one else has noticed any of the marked workers going anywhere else. 
What conclusion may be reached properly from such data? In their 
major factors the two cases are strikingly similar and also equally 



12 JOUBNAL or THE WASHINQTON ACADBIIY OF BCIBNCEB VOL. 20, NO 1 


alike ia proving nothing about the habits of fish or men. The same 
misuse of results from a type of random sampling led a prominent 
news service into ludicrous and serious error in a political campaign 
not many years ago. 

Apparently no one has yet given attention to the non-conforming 
element. It is hardly satisfactory to dismiss the case with the state¬ 
ment that sometimes an erratic or abnormal salmon may turn up in 
the wrong place. The number of such strays is too large to be thus 
summarily discarded and given no further consideration. Certainly an 
answer must be sought to some questions which suggest themselves. 
How large is the part which does not return? Where does this fraction 
go? What influences that fraction, be it large or small, to go to a new 
spawning ground and do violence to the inborn, mystical compulsion 
which the parent stream theory assumes? These questions are difii- 
cult to answer. 1 have felt that some light might be thrown upon the 
situation by study of the fish in a simple environment, and that is 
during the part of the life cycle spent in fresh water. 

From evidence already published and also outlined in this paper, 
I feel that there is more reason to believe that in its progress upstream 
the adult follows a highway through the waters which is marked out 
from point to point by signs as definite as those which determine for 
us our course along a road. The highway signs that mark the way 
through the waters arc indicated by temperature, quality of the 
water, or other physical and chemical features that yield responses 
as definite as those which we find the fish manifesting under controlled 
■rf’onditions in experimental tanks. The stream which the salmon as¬ 
cends is not necessarily a home stream, nor is the course of the fish 
determined by previous knowledge of these waters. The adult seeking 
the spawning grounds goes upward by constraint along a fixed route 
and the young wander downstream following necessarily the same 
course to reach inevitably the waters of the ocean, in which they find 
conditions for life and growth to maturity. 

No assumed mysti(;al impulse makes them go back to a specific 
place because of their relation to that at the start of their existence. 
They do, perhaps usually, return to that place because like their an¬ 
cestors they react in a specific way to the stimuli they encounter on 
the journey. But they do this only so long as the conditions they meet 
on the journey remain unchanged. To characterize the situation as 
due to a parent stream theory is to adopt an empyrical conclusion 
with all the errors and limitations of empyrical findings. It is to aban¬ 
don the search for a scientific basis and to lose the greater power over 
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changing conditions which knowledge of controlling influences will 
give. If the salmon have been shifted to a new environment or if by 
any disturbing influences the environmental conditions of the old 
route have been changed, they go to some other place, a new goal de¬ 
termined by the newly created conditions which they meet. To those 
new conditions they react in the manner determined by their nerve 
pattern and not by the ancestral relation to any geographic locality. 

No one should lose sight of the fact that even in our rivers and on 
our coasts natural conditions are changing and these changes give 
opportunity for distribution of a species into new areas as well as 
for the origin of possible new species. Some efforts have been made 
already to explain on such a basis the origin of the Pacific salmon and 
their wide distribution along the coastal areas of the northern Pacific. 
A recent species, geologically speaking, its origin may be associated 
with the period of continental glaciation when it spawned along the 
shore at the foot of the glaciers. As these ice fields slowly receded it 
followed up the resulting water courses to find its spawning grounds 
near the source of the stimulating cold fresliwater run-off from the 
glaciers. 

Different species of Pacific salmon do not respond in the same 
manner to the same stimuli. One conspicuous instance of this has 
been mentioned: the sockeye young usually tarry over one winter in 
a lake. Other species of Pat'ific salmon go more or less promptly down 
the river from the place they were hatched into salt water and disap¬ 
pear. In variable periods the different species reappear as full grown 
fish and start upon the freshwater period of thcii existence. It would 
be interesting to follow the precise story of these other species of 
Pacific and Atlantic salmon on the coasts and in the streams of North 
America. Accounts by older and more recent students of the problem 
give many details of these stories. The accounts manifest general 
sinularity though differing in details just os the structure of all these 
forms exhibits a general likeness despite the particular differences also 
recorded. In both series are to be found evidences of the past that 
deserve closer attention. 

Finally, to make the story complete, the record of the sockeye’s 
life in the ocean must be studied from the same point of view as that 
taken in the account of its freshwater existence which has just^been 
reviewed. One can hardly doubt that similar environmental stimuli 
affect it; namely, current, temperature, quality of water, etc. But 
how does it react? Where do these controlling influences lead it and 
what brings it, after a period of active growth, back to the shore? 
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What leads it to enter some river and seek a spawning ground? Surely, 
not a blind instinct or some inscrutable impulse. In the sea environ¬ 
mental conditions are more variable and change violently and sud¬ 
denly. Periodically storms modify currents; schools of fish are broken 
up and scattered widely. Even under generally favorable conditions 
only 20 or rarely 40% of tagged fish have made the short journey to 
the places where keen-eyed watchers were waiting for them. Why did 
this marvelous instinct fail them? Is it not more reasonable to suppose 
that in shifting waters some were brought into new environmental 
conditions. In these they responded naturally to the same stimuli that 
had led their ancestors for unnumbered generations. But those stim¬ 
uli under the changed conditions lead them to a new goal. Complex 
as the ocean is, one finds there the same environmental stimuli, me¬ 
chanical, physical, or chemical, that are in fresh water, and these 
guide the salmon to some suitable stream for the last phase in its 
life cycle 

The addreas was illustrated by a senes of lantern slides and fiKures made 
from photographs of conditions in nature taken in the course of studies in 
the field, and by maps of the regions covered. Some further detailed ex¬ 
planations were presented in connection with slides and maps as shown. 

PALEONTOLOGY .—A fossil catfish (Felichthys stauroforus) from 
the Maryland Miocene} W. Gabdneh Lynn and A. M. Msl- 
LAND, Johns Hopkins University. (Communicated by C. Lewis 
Gazin.) 

A well-preserved skull taken from Zone 12 of the Calvert Formation 
of the Miocene about three miles south of Plum Point, Maryland, 
proves to be that of a marine catfish congeneric with the Recent 
galT-topsail fish, Felichthys fehs. This specimen provides the first 
record of a siluroid from these deposits and indeed appears to be the 
only complete skull of a fossil marine catfish yet known from North 
America. 

The catfishes (Order Nematognathi) fall into some twenty-five 
families, must of the members of which inhabit freshwater streams 
and lakes. However, one large family, the Ariidae, contains about 
forty-five estuarine and marine genera, which are widely distributed 
in tropical and sub-tropical regions. The Nematognathi are repre¬ 
sented but scantily in fossil records for, although a considerable num¬ 
ber of fossil species have been described, the remains upon which most 
of them arc based are too fragmentary to permit of any accurate de- 

> Received November 18, 1938. 
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termination of their relations. The greater number of the fossil forms 
are known from the otoliths alone; others are represented by isolated 
fin spines or vertebrae; only a few well-preserved crania have ever 
been found. 

In Europe, fossil members of the Nematognathi are known from 
deposits ranging from Lower Eocene to Pliocene and have been re¬ 
corded from England, France, Belgium, Germany, Hungary, and 
Italy. Fossil catfishes have also been reported from the Middle Eocene 
of Sumatra, from the Miocene of Brazil, and from the Miocene of 
India. The literature pertaining to these records is to be found in 
Woodward’s “Catalogue of the Fossil Fishes in the British Museum” 
(1901) and has been adequately reviewed by Leriche (1901). It 
therefore need not be discussed at length here. 

In North America, the group is very poorly represented. Hay 
(1929) lists only twelve spivncs of ratfishes which have been described 
from deposits of the North American continent. Five of these have 
been assigned to the Recent genus Amnurm, a freshwater group 
belonging to the faimly Ameiuridae. Since these freshwater forms 
differ rather widely from the marine catfishes it is not necessary to 
discuss them in connection with the present specimen. The other 
seven species were all described by E. D. Cope who erected for them 
a new genus, Rhineastes. The icmains upon which these species arc 
based arc extremely fragmentary, consisting of small portions of skull 
plates, isolated fin-spines and otoliths. Nevertheless, they are suffi¬ 
ciently complete to indicate clearly that the genus belongs among the 
sea-catfishes so it has l>cen assigned to the family Ariidae by Jordan 
(1923). Pertinent information is given in the following list: 

R. arcuatus Cope 1873. Mid. Eoc. (Bridgcr) Wyo. Type, U R.N.M No. 

3985. Spine and fragments. 

R. ealvut Cope 1873. Mid Eoc. (Bridger) Wyo Type, U.8.N.M. No. 

3980. Fragments of cranium, dorsal spine. 

A. pecttnalus Cope 1874. Mioc. (Florissant) Colo. Type, U S.N.M. No. 

4086. Head and anterior part of skeleton. 

R. peUaiua Coj^ 1872 Mid Eoc. (Bridger) Wyo. Type, U S.N.M. No. 

3984. Occipital-parietal bone and dorsal spine. 

R. radtdua Cope 1873. Mid Eoc. (Bndger) Wyo. Type, U.S.N.M. No. 

4099. Fragments of skull. 

R. rkaeas Cope 1801. Oligoc. (Assiniboia) Canada Abdominal vertebra. 
R. BtniUiu Cope 1872. Mid. Koc (Bridger) Wyo Type, U.S N.M. No. 

3977. Basi-occipital, vertebrae, pectoral spine and articular of mandible. 

The type specimens of 12. rhaeaa are figured by Cope (1891) and 
those of ^ the other species have been figured by Cope (1884). Ex- 
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aminatioD of these figures and of the types themselves reveals the 
reason for the great difficulty which has been encountered in attempt¬ 
ing properly to diagnose the genus and as Eastman (1017) remarks, 
“How closely Rhineastes, from the Green River Eocene, agrees struc¬ 
turally with modern species of siluroids cannot be determined, as it is 
known only by fragmentary remains.” In any case, as will be shown, 
the present specimen shows such well-marked affinities with the mod¬ 
ern genus Felichthys, that we have no hesitation in.referring it thereto. 



Pig 1 — Feltchthy» tiauroforut, n gp. Skull, tvpe gpeeimen, U 8 N.M No. 
1S746. a, ventral aspect, b, dorsal aspect e, lateral aspect All views Xi. 


FelichthyB stauroforuB, sp. nov. 

Type. —U.S.N,M. No. 16746. A nearly complete skull and the left utricu¬ 
lar otolith from the same specimen. 
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Type localiiy ,—Zone 12, Calvert formation of the Miocene, three miles 
south of Plum Point, Ma^land. 

Deecripiim of skull,—A r may be seen from the figures (la, lb) the most 
important deficiency in this specimen is the absence of the most anterior 
skull bones; the ethmoid, prcfrontals, prcmaxillac and vomer. The right 
post-temporal and the postenor portion of the supraoccipital have also been 
lost. All the other bones arc practically intact and have suffered no notice¬ 



able distortion. The sutures of the dorsal surface are well-marked and reveal 
the outlines of the various plates to be as shown in figure 2, The frontals, 
which form the anterior part of the specimen as preserved, narrow pos¬ 
teriorly and arc separated at their hinder extremities by the narrow anterior 
projection of the supraoccipital. Two frontal fontanelles are present; the 
anterior, elongate one measuring 32 mm. The sphenotics whirh contact the 
posterior lateral borders of the frontal are rather large and take part in the 
formation of the lateral edge of the skull They arc in relation with the 
frontals, the supraoccipital and the pterotics. Their lower surfaces bear 
prominent arcb^ ridges bordering deep depreasioiu, the points of attach¬ 
ment for the hyomancfibular The pterotics, which lie behind the sphenotics, 
articulate medially with the supraoccipital and i>osteriorly with paired bones 
which apparently represent the “scale bones" figured by Gregory (1933) in 
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Chrydichthya. Laterally the pterotic forms a part of the lateral border of the 
skull but, at its posterior lateral end, articulates by a blunt process with an 
anterior process of the post-temporal. Since the scale bone wnich lies behind 
the ptenitic articulates similarly with a posterior process of the post-tem¬ 
poral, a foramen bordered by the pterotic, scale bone and post-temporal is 
form^ in the posterior lateral portion of the skull. This foramen measures 
0 mm by 5 mm. In the under side of the skull the post-temporal articulates 
by a long bar of bone with the basioccipital. The supraoccipital, which con¬ 
tacts all the bones above described except the post-temporal, has a thin 
anterior projection between the two frontals and its later^ margins are in¬ 
dented by a scries of curves where the plate is united with the frontals, 



Fig. 3 —Feliehthya aiauroforutif n Hp Left utricular otobtb a, inner 
surface outer surface c, diagrammatic section 


sphenotics, ptcrotics and scale bones The hinder portion of the supr^ 
occipital iH missing but the bone evidently narrowed posteriorly. There is 
a prominent crest ui the mid-line of the posterior half of this bone, but an¬ 
terior to this IS the beginning of the deep median depression in which lie the 
frontal foritanelles. 

The dorsal surface^} of all the skull bones are ornamented with rounded 
projections which arc arranged in definite rows, the individual projections 
ill each row being connected by a low ndge. These rows of projections tend 
to radiate from the centers of the bones toward the edges. Crossing the scale 
Im)iu‘, the pterotic and tlio sphenotic are rather ill-defined grooves which 
may indicate the courses of the lateral line canals 

On the under surface of the skull the sutures are ill-defined and slight 
crushing of the otic region on the left side makt^ exact description of the 
bones of ilus region difficult. The cruciform structure formed by the basi¬ 
occipital and parasphenoid and the ventral jirocesses of the ixist-temporals, 
which is a distinctive characteristic of the skull of the Anidae and which 
has been most interestingly discussed and figured by Gudger (1925), is a 
striking feature in this specimen and suggests the specific name aiauroforua 
(cross beanng) At the posterior end of the skull a portion of the mass of 
bone formed by coalescence of the centra of the anterior vertebrae is pre¬ 
served. This is fused anteriorly with the basioccipital, the point of fusion 
being marked by a large, rounded ventral projection. Immediately anterior 
to this is a foramen leading into the centra of these vertebrae. The ventral 
procc^ of the jiOHt-tcmporal articulates with the basioccipital just anterior 
to this foramen. Only that of the left side is preserved. The otic capsules, 
which house the large otoliths, lie laterally in this region. The deep de¬ 
pressions in the ventral sides of the sphenotics for attachment of the hyo- 
inandibular lie anteriorlv to the otic capsules. In front of these the skull 
broadens to a fan-shaped mass, made up of the parasphenoid and the under 
sides of the frontals. 
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The skull, as preserved, has a maximum length of 139 mm and a maxi- 
inum width of 84 mm. Since figure 2 is drawn to scale it is unnecessary to 
give complete moasuroments of the individual bones 

Desenviton of oioUih —Since the otoliths of the fishes frequently furnish 
reliable diagnostic characters it seemed advisable to attempt to recover the 
otoliths in this specimen. A narrow break already present in the right wall 
of the cranium made it possible to clear away some of the matnx maide the 
brain case without injury to the skull. Fortunately the otoliths were found 
to be present and the left one was removed practically mtm't. The right 
otolith has been left within the skull. 

In stud^ng this otolith extensive use has been made of Frost's (1925) 
excellent descriptions and figures The specimen is of large size (14 mm long 
and 12 mm high) and agrees with Frost's description of the utricular otoliths 
of the Anidae in being conchoulal and biconvex The inner surface (figure 
3a) is rugose with a number of concentric ridges. A posterior process with a 
slight indentation is present but it hns been damaged I'he anterior process 
is rounded The dorsal rim of otolith is rounded while the ventral nm is 
truncated posteriorly and indented slightly just behind one of the strong, 
radiating ridges. The outer surface (figure 3b) has a roughened band along 
the entire ventral rim with a broad, recurved projection just be'hind the 
middle. The rest of this surface represents the smooth sulcal area The 
outer surface (figure 3e) is much less convex than the juner Companson of 
this otolith with Frost's figures for members of various families <>f the 
Nematognathi immediately eoafinns the identification of the present speci¬ 
men as belonging to the Ariidae, for the otoliths in this family are easily 
distinguishable from those of otlier siluroids by their large size, tlieir form 
and the shape and location of the sulcal area. Moreover, among the sjmtics 
considered by Frost the otoliths of Fchchihys mannuH are definitely closest 
to the present speeiinen 

The oRsoeiation of this fassil with the genus Pdichthyn on the basn of skull 
characters is thus eonfirini'il by the structure of the otolith. 

As ha.s been iJOint^Hl out, only a very few well-preservc'd skulls of fossil 
catfishes have ever b(*(‘n reported One of tlu^se, however, that of Buck- 
landinni dtluvii^ is especially noteworthy us being the earliest true siluroid 
known. This speeimeii from the I^ndon Clay (Lower EoceiuO of Shepi>ey, 
was first figured by Kinng (1825) who regarded it as representing a lizard. 
Morris (1843) later recognized its piscine nature, but it was not until 1880 
that Woodward assigned it to the siluroids Jordan (1023) places the genus 
Bucklandium in the family Bagridae. A skull from the Upper Eocene of 
Barton has been described and figured by Newton (1889) who refers it to 
the fossil species Anus crass^us, a form previously known only from the 
otoliths. This specimen is sufficiently com])letc to be comparable with the 
skull described in this paper, from which it differs in the absence of the 
posterior frontal fontanelle, the absence of the post-temporal vacuity and 
the shape of the supraoecipital 

Ametums pnmaevus, described by Eastman (1917) is perhaps the best 
known of all the fossil catfishes, smee it is represented by a nearly complete 
skeleton. The origin of this specimen is unknown, though the nature of the 
matrix indicates that it came from the Green River Eocene of Wyoming. 
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It is unfortunate that the relations of FeliclUhys atauroforua with the only 
other known fossil Ariidae from North America, those of the genus Rhine- 
aatea, cannot be ascertained. However, the fact that in Rhineaatea the frontal 
fontanellc is completely closed, may be taken to indicate that the relation¬ 
ship is not close. 

The present-day members of the genus Fehchthya are predominantly sub¬ 
tropical in distribution. Fehchthya felta, according to Gudger (1016) “ranges 
as far north as Cape Cod, but is especially common along the South Atlantic 
and Gulf coasts where it is abundant in brackish waters, for which it seems 
to have a predilection.” Eigenmann and Eigenmann (1890) state that it is 
foimd along the Atlantic coast from Cape Cod to Rio de Janeiro, Maryland 
is thus included in the present range of the genus, but it appears to be most 
common further south In view of this distribution of the modem repre- 
hentatives of tlio group, this record of Fehchthya from the Maryland Miocene 
may be an addition to the gradually accumulating evidence, which has been 
recently discussed by Collins and Lynn (1936), that the temperatures in 
Maryland during the Miocciu' were somewhat higher than they arc today. 
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PALEONTOLOGY.— Certain pteurotomariid gastropods from the 
Carbontferous of New Mexico and Texas,^ George H. Girty, 
U. S. Geological Survey. 

I. TAOSIA, A NEW GENUS OF HIOH-SPIRED FLEUROTOMARIAB 
WITH COMMENTS ON TAOSIA COPEI WHITE 

The genus Taosia is based on Murchtsonta copet White of which 
the original specimens were found near Taos, New Mexico, hence the 
new name. 

Taosia possesses a combination of characters not found in any pleu- 
rotomarioid shell known to me. Indeed, my cver-hclpful and erudite 
friend, J. Brookes Knight, tells me that he had independently marked 
down Murchiaoma copei as typifying a new genus though he has 
generously yielded me the privilege of describing it. The following 
characters should be noted: 

The long, slender shape; the large number of volutions (possibly as many 
as 16), the shape of the whorl, which is angiilated aboiit midway so that the 
external surface is sharply differentiated into two zones, the overlap of the 
whorls to a line well below the canna so that the spire is Hanged like a screw; 
the position of the alitband, midway in the upper zone instead of on the 
canna; the wide slitband and short slit, the shell composed of two layers; 
the solid axis without even a false umbilicus, the very tenuous inner lip; the 
all but complete absence of sculpture. This last statement contemplates a 
distmetion between sculpture and configiimtion. The carina would come 
under the head of configuration; the two raised lines which form the boun¬ 
daries of the fihtband would be structural, the delicate hncK of growth are 
not in any true sense sculpture, and the only feature under that head would 
be the single revolving line on the lower surface 

Taoma is very similar to Gomamw, in configuration (for example figures 
15 to 19), but aside from numerous loss significant differences it is distin¬ 
guished by the position of the slitband which in Taosia is situated above the 
carina midway on the upper surface of the volution, but in Gontnsma is 
situated just below the carina on the lower surface From Lophoapira also 
Taosia is distinguished by the pasition of the slitband which is situated not 
on the carina but above it and it is likewise distinguished by its imperforate 
axis, by the absence of revolving lirac (on the type species at least) and by 
other characters. 

Taosia copei, though it has never been cited since its original description 
in 1881, at least in descriptive literature, is not by any means a rare species. 
I have collected it myself at Tooa where it was originally found; it is fairly 
common in the McCoy formation in Colorado fmm which specimens were 
sent to me by I. A. Keyto and it is rather abundant in rocks identified as 
the Magdalena limestone and exposed in the western foothills of the Frank- 

* Published by permission of the Director, Geological Survey, U. 8. Department of 
the Interior, Received August 20, 1938. 
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lin Mountains north of El Paso. The specimens from the Franklin Mountains 
arc not only abundant but in a better state of preservation than those that 
I have seen from the other localities. I have figured several of them to illus¬ 
trate the genus and have based the subjoined comments on Taosta copei 
upon them. The rocks at Taos from which T. copei was described are, I 
believe, regarded as Magdalena limestone. 


Toasia copei White Figs. 1-7 

White's description which accurately covers the salient characters 
of Taosta copei may advantageously be quoted at this point, espe¬ 
cially as the species has never appeared in descriptive literature since 
it was established in 1881 .^ 

“Shell slender, apical angle 20° to 25°; full number of volutions apparently 
about fifteen, all strongly angulated, the angle being more or less distinctly 
rannated; ranna not orenulate; angle situated nearer to the proximal than 
the distal border of the volutions; spiral band occupying the middle of the 
outer flattened side of the volutions, of moderate width, inconspicuous, and 
bordered on each of its sides by a raised lino; the remainder of the outer 
surface of the volutions marked only by fine lines of growth; the proximal 
side of the last volution marked by one distinct revolving raised line near 
the canna.” 

“Length of adult shells from 25 to 30 millimeters ” 

T, copei 18 very abundant in my coUections from the Frankhn Mountains 
and many of the specimens are m an excellent state of preservation, though 
none has been observed that is not broken at the apical end and also at the 
aperture. Observations based on this material enable me to add some charac¬ 
ters to those noted by White. His description allows the apical angle a varia¬ 
tion of from 20 to 25 degree's; this is true of the common run of specimens 
but would hardly cover the extremes. The species attains a size considerably 
greater (ban that of the types. The final volution may have a diameter as 
great as 15 mm and an individual of that size is estimated to have been 
as long os 40 mm. 

If specimens the size of the types consist of about 15 volutions, these 
larger specimc'ns should probably be credited with about two more. The 
number given in the original description, however, seems to be excessive. 
The larger of the two types apparently comprises not more than 6 volutions; 
it IS hardly conceivable that 9 volutions are lacking from the broken spire, 
and only a few volutions can be added at the proximal end if the length of 
a mature specimen is but 30 mm. Specimens m the present collection, for 
instance the one represented by figure 2, support the doubt expressed above. 
This s^imen is very similar to the larger type, but is slightly less incom¬ 
plete Not more than half a volution is missing at the aperture where the 
shell has a diameter of 10 mm. The diameter at the broken apex is 2 mm 
and the actual length 24 mm. The number of volutions is 7. With an allow¬ 
ance for breakage the original length may be reckoned as 30 mm and with 
an allowance for the broken aperture the number of volutions except for 

■ Whtpb, C. a us, Geol Survey West of the 100th Merid J (suppi, Appendix); 
XXXI, pL 3, figfl 10a, b. 1881. v Ft' . kf- / 



Jan. 15, 1939 


GIRTY. CARBONIFEROUS QASTROPODB 


23 


those missing in the spire, may be reckoned as 8. It does not seem likely 
that 7 volutions are missing from the spire, or in other words that the shell, 
at a diameter of 2 mm, had accomplished 7 volutions 

The most conspicuous surface feature is of course the cariria which on the 
final volution is situated somewhat below the middle but on the turns of the 
spire much below the nuddle The screw-hke shape of the spire is a notable 
feature of most specimens but the flange of the screw is unsymmetrical, 
short and strongly oblique on the lower side, long and more gimtly oblique 
on the upper. Some variation in shape is occasioned by variation m the 
direction and in the width of the narrow zone below the cariria 

The upper part of the volution, from the earina to the suture above, is 
essentially flat or faintly concave; rarely faintly convex It is traversed by 
tTVO slender raised lim^s whieh divide it into three zones of approximately 
equal width thougli the upper zone is commonly somewhat wider than the 
others The middle z<mo, which is of course the slit band, vanofl cousiderably 
m width and this entails a variation in the relative widths of all three zones. 
A third raised line occurs on the lower surface of the volutions. The zone 
contained between this line and the canna is about equal in width to the 
zones that occur on the upper surface, being about as wide ns the upper one 
and somewhat wider than the tw'o lower ones, but wliere the lowest of the 
three IS especially wide, the two zones, one above and the other below the 
canna, arc of equal width Tina raisetl line or slender ndgo on the lower side 
of the volution is apt to be a little stronger than the two that define the 
slitband, and it is unsymmetrical in shape, much more sharply defined on 
the side facing the cannii than on the side facing the axis The volutions 
embrace up to this ridge more or less precisely, so that it is inconspicuous 
in the spire; an ensuing volution is more apt to project a tnfle beyond it 
than to fail m reaching it. Both conditions are Homotimes found in the same 
Hpeeimeii. 

The surface is practically without sculpture and marked by growth lines 
alone but these though fine are very distinct They are, however, slightly 
less distinct on the slit band than anywhere else Except for the ahiband 
they show a certain periodicity, for at fairly regular ii i^ervals an incised line 
or stria ia somewhat stronger than the rest. They arc slightly arched (convex 
Hide toward the aperture) and rather strongly oblique fom the suture back¬ 
ward; in the slitband itself, with a sharp change in direction, they form fine 
regular concave arcs, below the slitband they again abruptly change direc¬ 
tion, becoming for a distance gently convex with a slant somewhat forward, 
though subsequently they straighten out and pass directly to the axis. It is 
impossible to give the locus at which this change in shape and direction 
takes place, for the change is at the same time gradual and slight, but in 
general terms the growth lines are curved and have an appreciable forward 
obliquity as far as the earina, and are straight and direct from the ridge 
below the earina to the axis. 

The axis is solid; the peristome appears to be folded back uwn itself in 
the axial region without creating an excavation or even an obscure false 
umbilicus. An inner lip seems to be developed, though commonly it is little 
in evidence. As a rule the inner lip merely dims or obscures the growtlrlineB 
within the aperture; on an occasional specimen it makes a more substantial 
coating. The slit was probably very short. None of my specimens is complete 
at the aperture, but sev'cral appear to be but slightly broken, and even on 
these the slit is missing; the slit-band can be traced to the broken edge 
of the peristome. 
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The shell consists of two distinct layers, a fact which is very conspicuous 
in many of the specimens from the Franklin Mountains. In these specimens 
the outer layer has a polished look and a brownish color which, upon closer 
examination, is found to be a mottling of Imht brown and black. The growth 
lines also, though fine, are very clear. Where this outer layer w removed 
as it is entirely on some specimens and over parts of others, the inner and 
thicker layer is seen to be lusterless and almost black; it fails to retain or 
retains but faintly the lines of growth so that on specimens of this sort and 
on many specimens from other areas, it would be difficult to recognise the 
slitband as such and consequently the relation of these shells as l^onging 
to the Pleurotomariidae. The type specimens together with other specimens 
that I have seen from Taos and also the specimens from Colorado are black 
and show the growth lines less clearly than those from the Franklin Moun¬ 
tains. I have not been able to satisfy myself whether they have lost the 
superficial layer or are merely not quite so well preserved. The latter ex¬ 
planation seems the more probable one. 

Homon and locality ,—Magdalena limestone: Taos, N'ew Mexico (station 
0687); McCoy, Colorado (station 8606); 8 miles southwest of Vinton, TexM 
(station 7067) and other localities in the foothills west of the Franklin 
Mountains. 


II. SOME HIQH-SPIRED PLEUROTOMARIAS FROM 
LA LUZ CANYON, NEW MEXICO 

Rocks that have lieen classed as Magdalena limestone in various 
parts of New Mexico contain unlike faunas and may not have been 
deposited contemporaneously. In the first instance wo have the typi¬ 
cal Magdalena in the district of that name; in passing up the Rio 
Grande valley faunas of a different facies are foimd at Santa Fe and 
still more different ones at Taos; to the southeast rocks called Mag¬ 
dalena occur in the Sacramento Mountains and others still farther 
south in the Franklin and Hueco Mountains of Texas. Some of the 
faunal differences encountered in these different areas will probably 
prove to be provincial and due to selective environment, but I believe 
that age differences are also indicated. 

In the Sacramento Mountains in La Luz canyon there is a consid¬ 
erable thickness of limestone and shale which seems loosely to have 
been classed as Magdalena but which contains a fauna different from 
the typical Magdalena and which is, if I am not mistaken, younger. 
The fauna in question is dominated by the gastropoda and appears 
to be related to some of the Cisco faunas of central Texas. It is re¬ 
markable for the number and variety of high-spired pleurotomarias 
such as were formerly classed in the genus Murehisonia. These shells 
came within the purview of collateral studies undertaken in connec¬ 
tion with the new genus Taosia. I do not recall ever having seen these 
elongated pleurotomarias in such abundance and was interested, in 
view of the general similarity of their appearance, to find that they 
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belong to three distinct genera, Gontasma^ Phymalopleura and Toosia. 
The facts seem of sufficient general interest to be made a matter of 
record. 

Before leaving this subject I may mention that the shale near 
Tularosa which furnished the cephalopods described by Boese* and 
later by Miller* belong to this same series of rocks. Both writers be¬ 
lieve, and in my opinion quite rightly, that the cephalopods indicate a 
Pennsylvanian age. Boesc, for some reason, thought that the beds 
at Tularosa represented the Abo sandstone and on that ground chal¬ 
lenged the Permian age of the Abo. The Permian age of the Abo was 
never too secure and the formation may prove to be Pennsylvanian, 
but not on the evidence advanced by Bocae. So far as 1 am aware, the 
typical fauna of the Abo (at the entrance to Abo Canyon) does not 
contain a smgle species in common with the fauna of the shale at 
Tularosa and especially contains none of the cephalopods on which the 
Pcrmsylvanian ago of the Abo was predicated; and it seems strange 
to set up a claim that the Abo was Pennsylvanian instead of Permian 
on the evidence of fossils that did not come from any recognized out¬ 
crop of the Abo but were found in rocks at a remote locality and asso¬ 
ciated with a fauna quite different from the Abo fauna. It is probable 
that Boese did not know about the difference of faunal association 
in one sense, but he must have known that none of the species which 
led him to think that the Abo was Pennsylvanian in age had been 
identified in an Abo fauna. 

Taosla percoatata n. sp. Figs. 12-14 

Shell of moderate sixo, very long and tapering, coin]>osed of a largo number 
of augulated volutions. Spire much constricted at the suture to which the 
surfaces of the volutions converge from the angulation. Specimens are not 
rare, although owing doubtless to their slender diape, all of those examined 
are fragmentary. Tlio largest seen does not have a diameter at the aperture 
os great as 10 nulhmeters. The length, the number of volutions, and other 
cliaracters wlucli are to be ascertained only from complete specimens, cannot 
be given. 

In the final volution the angulation is situated at about the mid-height 
and it is reinforced, os of course it is m all the other volutions, by a carina 
which may be stout and rounded or more slender and angular. The surface 
between the suture and the canna is slightly concave with a steep descent 
from above. The surface below the canna is rounded and it has a fairly 
strong inward slope to its union with the solid columella. In the spire the 
Carina is situated well below the middle of tlic exposed portion of the volu¬ 
tions, the long slope above having a steep descent and the short slope Below 
passing more strongly inward. Th^e ahnost flat upper surface of the volution 
is divided by two revolving lirae into 3 zones which are of about equal size 

* Bobbi, Emil. Am. Jour Soi. (4) 49 : 51-60. 1920. 

4 MiLLBB, A. K. Jour. Pal. 6: 50-03. 1032. 
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though the median one m apt to be somewhat the widest and the one below 
the suture somewhat the narrowest. The upper of the two lirae mav be 
poorly developed or possibly even undeveloped, especially on some of the 
earlier volutions. The lower one, on the contrary, is regularly present. The 
lower surface of the lust volution is rather coarsely and strongly striated, 
being marked by 5 or 6 stout revolving costae, separated by deep and some¬ 
what wider grooves or striae. The volutions embrace to the second spiral 
costa below the canna, the top of which can be distinguished in many speci¬ 
mens as a slight projection above the suture. Transversely the surface is 
marked by fine growth lines which tend to form slender fascicles, although 
these arc inconspicuous except on the lower surface where they may be 
Buffieiently strong to produce nodes in places on the revolving costae. 

The slitband Ls, with little doubt, the lowest of the 3 sones on the upper 
surface, that which is just above the carina. The growth lines descending 
from the suture have a backward slant and also a backward curve as they 
near the spiral lira that forms the upper boundary of this zone. Similarly 
on the lower surface of the last volution the growth lines are gently convex 
toward the aperture, and have a rather strong backward obliquity to, and 
apparently onto, the carina. The growth lines, which everywhere else arc 
rather distinct, become fainter near the boundaries of this zone which itself 
rarely shows any markings at all. The inference is fairly strong from the 
deflection of the growth lines above and below it, that this zone is, in fact, 
the slitband, and the inference is strengthened by very rare occurrences 
there of growth lines that are distinguishable and that make characteristic 
concave arcs. The upper boundary of the slitband, then, is formed by the 
first revolving lira above the canna. I’he slitband does not, on the other 
side, extend to the edge of the canna but it is there as if abruptly depressed 
below a narrow elevatetl rim. 

The upper surface of the volutions in this species shows a most deceptive 
resemblance to that of Tdosta copet, but in T copei the slitband occupies the 
median of the 3 zones into wluch the upper surface is divided, whereas in 
T percostata it occupies the lowest zone I am not sure that this should not 
constitute a subgeuenc difference. In other respects, too, the species show 
marked differcnci's. T percostata has 5 or more spiral costae on the surface 
below the carina, whereas T. copei has but one. It also exposes a broader 
surface below the carina in the volutions of the spire, and that surface is 
divided by a stout revolving costa, whereas the corresponding part of T, 
copet 13 not only narrow but smooth. The^je differences contribute to make 
the shape of the shell as a whole markedly different in the two species, the 

E resent one being conspicuous for the depth of the spiral constriction at the 
ottom of wliich lies the suture. In shape T percostata much more clcNsely 
resembles the associated species T. crenulata and Gonxasma UxsaUensis, but 
all three have such mark^ peculianties in one or more details that with 
identifiable specimens there is no danger of confusion. 

Homon and locality. —Magdalena limestone (?); La Luz canyon, east of 
La Luz, N. M. (station 0686). 

Taosia crenulata n. sp. Figs. 8-11 

Shell rather large, very elongate, strongly turreted. Volutions probably 
10 or more, though complete specimens are unknown. Spire perhaps twice 
as high as the final volution. Spiral angle variable, siime specimens being 
ve^Iong and slender. Volutions strongly angulated, giving the shell a con¬ 
spicuously hehcoid shape. The angular periphery of the volutions forms a 
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crenulated carina which may be very prominent and in the final volution 
is situated at about the mid-height but in the spire divides the visible part 
of the volutions very unequally—the lower part being much narrower than 
the upper. 

The uppier surface of the final volution is essentially plan ate and descends 
more or loss steeply from the suture. It is traversed by two raised spiral lines 
defining the slitband. The three zones created in this way are of nearly the 
same width though the upper zone is apt to be a little wider than the slit- 
band and the lower zone a little narrower It is commonly somewhat con¬ 
cave spreading out to the carina. 

The lower surface of the final volution is about equally divided between 
an upper part which is flat, depressed, and smooth and a lower part whieh 
is gently convex and coarsely eostate, both parts di'scending with about the 
same inward obliquity until the lower one joins the solid columella. The 
costate part of the lower surface bears about five rather widely spaced 
revolving costae, of which the highest is especially large and strong and the 
lowest small and weak. The upper smooth part of the lower surface appears 
depressed because of its position between the proininent canna above and 
the first strong revolving costa below. The volutions overlap to the lower 
margin of the flat depressed zone, and the prominent costa below it is rarely 
distinguishable in the spire 

The surface, aside from the two raised linos on the* upper surface that 
contain the sUtband and the costae on the lower part of the lower surface 
(not visible on the spire), is practically devoid of spiral markings. Borne 
specimens, however, develop an inconspicuous spiral lino or faint angulation 
between the slitband and the suture. This feature may make its appearance 
on the later whorls without being distinguishable on the oarher ones of the 
same sfMH-imen. Sporadically, also, for it has been observed on only one 
specimen, a few fine irregular spiral hrae may be developed on the upper or 
sunken part of the lower surface and visible thus on the spire 

Transversely the surface markings consist of incremental lines which have 
at first a gentle convexity and a strong backward slant They arc rarely 
distinguishable in the slitband but where they can be made out they have 
the usual shape of short concave arcs. From the slitband to the canna they 
are again sliglitly convex and have a forward direction from above. On this 
zone the growth lines are more or less strongly and regularly fasciculate. 
The faseiculation is but slight at the slitband but near the canna it rapidly 
becomes very strong, produemg the nodes or coarse strong crcnulations 
above desenbed Below the carina the taaciculation is again greatly reduced, 
the fascicles being regular but weak. 

It hardly seems necessary to specify the distinctive characters of T. crenu- 
lata. The nodose character of the canna distinguishes it at once from T. 
copei and from T. percostaia, in addition, the eostate lower surface of the 
volutions distinguishes it from T copei and the position of the slitband from 
T percoBioia T, crenulaia like T. percostaia developed costae on the lower 
surface of the volutions but apparently the development differed matenally 
in detail. 

Horizon and locality. —Magdalena limestone (7); La Luz canyon, cast of 
La Luz, New Mexico (station 6686). 

Genus Goniasma Tomlin 

When I propose the generic name Goniospira in 1915 the facilities for 
ascertaining names that were not available through preoccupation were not 
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FijCB 1-7 —Taoata copn Whit« Figs. 1-5 Five epeoimena from the Magdalena 
limestone (7) of the Franklin Mountains These specimens show the growth lines very 
clearly. The photographs have been retouched but this character In figs 1 and 2 has 
not been exauerated The original of fig 2 has proportions similar to the larger of the 
two cotypee. Figs 3, 4 and 5 show the basal surface of the final volution and the Im- 
mrforate columella Fig 5 shows well the revolving lira on the lower surface of the 
final volution; it can also be seen in figs. 1 and 2. Fig. 2 appears to have a second lira, 
but the lower one is merely the broken edge of a volution that has been lost. The 
or^nal of fig. 3 shows the Inner lip more clearly than most specimens. It Is thin but 
sufliolent to conceal the growth lines along a very distinct line; the deposit is darker 
than the superficial layer and of the same tint as the inner layer of the sh^ If the 
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what they arc today. It seeina that GonioBpira had been used by CoBsman 
in 1895 and by Donald in 1902 ho that availing himself of this fact Tomlin* 
in 1929 proposed Oonxaama as a substitute. The following species, Mureht- 
sonxa laaatterisxa Worthen, which was made the genotype of Goniospxra re¬ 
mains tho genotype of Gomasma, 

■Touun, J R LbB Malac Soo Tx^ndon, Proo 10:22-24 1020 


basal part of the specimen is rcRsrded as a circle, the inner lip occupies aboat une-sixth 
of the circumference from the line of matrix. This character in not brought out in the 
illustration. Fijra 6,7 Un re touched photographs of the two co types from Taos, N M, 
made by J Brookes Knight, who sent me the prints here publish^ The cotypea have 
apparently lost the epidermal layer or at all events do not show the lines oi growth 
at all clearly. 

Fim. 8-11 — Taona erenulata, n sp. Four specimens from La Lui Canyon, N M 
The slitband is situated between the two spiru ridges on the upper surface of the 
whorls of the spire, the surface lying between tho suture above and the nodose canna 
below The growth lines slope backward to this tone from above and from below but 
tho concave lines on the slitband are obscure or not visible at all These features are 
shown by the originals of figs 8 and 10 The original of fig 8 has a faint ausnliary lira 
a short distance below tho slitband and at least 2 fine and faint lirae on the surface 
between the oarlna and the suture below Fig 11 shows the lower surface of the final 
volution with its solid columella and spiral lirae The large spiral lira may be compared 
to the one similarly placed on Taona copei 

Figs 12-14— Taonia pfrcontata, n sp Three specimens from La Lui Canyon, 
N M These specimens have only one regular revolving lira on the whorls of the spire 
between the suture above and the canna below and on the original of fig Li the 
oarina is not much the larger of the two This specimen has a faint auxiliary lira which 
is not well shown by the figure a short distance below the suture In fig. 14 a cor¬ 
responding lira IS shown, but the regular lira forming the upper boundary of the slit- 
band is hardly visible due to the prominence of the canna and tho foresnortening of 
the surface immediately above It The growth lines slope backward to the regular 
revolving hra which marks the upper limit of the slitband: the lower limit is indistinct 
but 18 on or ^ust above tho top of the carina The slitband here is above the canna as 
It Is in Taona copet but instead of being situated aliout midway in the upper surface 
it occupies the lower third Fig 14 shows the strong spiral costae on the basal part 
of the final volution. 

Fun. 15-19— OomoMfna loBoUenitM Worthen Five speoimens from La Lui Can- 
yo^ N. M. In this species and genus the slitband has a position corresponding to that 
of Taoaia percoatala, except that it is just below instead of just above the canna The 
growth Imes slope backward from below (well shown by the originals of fi^ Ifi and 16) 
and apparently come to an end at the spiral costa below the canna which forms the 
lower limit of the slitband. Its upper limit is indistinct but is situated upon the crest 
or just below the crest of the canna. The growth lines on the upper surface of the 
volution bend backward near the canna and can bo traced to its crest The lower 
surface of the final volution has a prominent angulation or lira somewhat as in Taona 
Coptic Fig. 17 should be more strongly angulated 

Figs, 20-21a— Phvmatopleura hragoenaia Shumnrd Figs 20-20b. Three figures 
of a specimen from tne Wayland shale, near Graham, Texas (station 7442). This 
Bpeeimen has about 18 spiral lirae on the latersl surface with about 3 additional ones 
on the nodose ridge below the suture This is only one of numerous \ arieUesJbbat can 
be found m s large collection Fig. 20b shows how the '^inner lip" is really a^resorbed 
area. The sculpture at the left comes to an end abruptly along a well defined Une at 
or near the aperture while the smooth area to the right stands at a lower level. Figs. 
21-21 a. Two views of a specimen from the upper part of the Graham shale at Graham, 
Texas In this specimen the nodes are farther apart and the sLtband has an auxiliary 
lira below the median one so that the lower half of the sLtband, In that degree, appears 
to be a part of the under surface 
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Gonlasma lasallensls Worthcn 

Murchisonia UisaUenais. Worthcn, Illinois Gcol. Survey, Rcpt. 8: 141, pi. 

25, figs. 7, 72, 1890 Upper Coal Measures: LaSalle, 111. 

Wortheniat lasaUenstaf Girty, U. S Gcol. Survey, Prof. Paper 16: 467. 

1903. Hermosa formation: San Juan region, Colo. 

Oomospira laaallensts, Girty, Missouri Bureau Gcol & Mines (2) 13: 356, 
pi. 30, figs 7-8a. 1915. Lansing formation: Kenmoor, St. Joseph, 

Weston, Leavenworth, Lansing, latan and Smithville, Mo. 

It was perhaps somewhat rash to correct Worthen's description on the 
strength of my specimens without having seen his, but his dejscription is 
evidently deficient in details that are apparently shown by his figures as 
well as being self-contradictory. The eorreetions which I ventured to make 
concern the featureii desenbed in these terms. “On the last volution there 
IS a flattened baud below the eanna which is bounded below by a slight 
elevation.” The form from Missouri that I referred to G. laaaJlenata and 
eonseciuently the one on which the genus Gomospira was in the final analysis 
based answers to this description except that in my form both the cariiia 
and the elevation below it arc double. That is, the carina has a revolving 
lira a short distance below it and the “slight elevation” is formed by two 
revolving Iirae separatetl by a narrow groove In Worthen's schematic 
figure each of these features is repri^sented by a double line. This suggests 
that each line represents the top of a ridge and as such an interpretation 
agrees with the character of my form, it seems to be the correct one, Kach 
pair of lines, however, may be intended to outline a single ridge. One im- 
jmrtant omission in Worthen's description is his failure to specify the loca¬ 
tion of the abtband. As the slitband so commonly occupies the carina in the 
Pleurotomariids, perhaps such a ^ition is implied. The slitband in my 
form does indeed occur there but it is not situated on the carina which is 
angular but just below it, its lower boundary being formed by the revolving 
lira that accompanies it. Worthen's reference to a “flattened band” in the 
passage quoted above and his failure to mention the slitband in any other 
way led me to beheve that that expression was intended to designate the 
slitband. This probably was a misconception. Worthen also says, “Neither 
the flattened band nor the elevation below it extend to the other volutions ” 
This is certainly not true of my specimens and it obviously is not true of 
Worthon’s for it is contradicted by his figures and by another part of his 
description in which he says that the volutions “are separated by a profound 
suture.” The expression just quoted a^ees with his figures which represent 
the shell as being screw-like in shape, the lower side of each angulated whorl 
of the spire being nothing else than the aforesaid “flattened band.” If the 
flattened band did not show in the volutions of the spire the volutions would 
embrace to the carina, and the spire would have smooth sides instead of being 
made sinuous by a deep constriction. In the form on which the genus Gonio- 
spira was based the volutions embrace to the paired lirae on the lower 
surface. 

A species which can be identified with Gontaama laaallenaia is veiy abun¬ 
dant at one locality in La Lui Canyon but as the specimens arc considerably 
broken up their abundance is somewhat exaggerated. I have been unable to 
find any constant difference between the specimens from New Mexico and 
those from Missouri which 1 described in 1915. As compared with Worthen’s 
figures of the type, some of them appear to be more slender and many appear 
to have the constriction in which the suture is situated considerably deeper 



Jan. 15, 1039 


gibtt: carboniferous gastropods 


31 


so that the sides of the spire are correspoudingly more uneven. A few of 
these sp^imens developed a spiral thread on the lower surface of the volu¬ 
tions, midway between the slitband and the paired lirae below, on Worthen’s 
''flattened band," that is. 

In examining these specimens from New Mexico especial attention was 
directed to the slitband which is somewhat peculiar in not being os sharply 
defined as the slitband of most pleurotomanas and in lacking these lunettes 
or roralarly spaced, concavely arched transverse larnellose lines by which 
the slitband is so commonly distinguished The slitband is of course dLs- 
tmctly defined on its lower side but not on its uppi'r, except by the angular 
or, in many specimens, rounded edge of the earina Its identity, however, is 
shown by the deflection of the gro^vth lines. As they descend from the suture, 
the ^o^h lines are essentially straight and have a slight backward slant 
which, however, increases near the carma, giving them a curved appearance 
They are apt to be faintly fasciculate in the upper part and to become som(*- 
what less distinct below though on many specimens they can be seen running 
out onto the upper surface of the canna. Coming up from the suture below, 
the growth lines are also distinct to the revolving lira below the earina, but 
not beyond They are nearly straight and commonly have a very pronounced 
backward slope toward the carma Thus, it will be seen that the slitband 
as represented by the narrow channel between the earina and the lira below 
it, often fails to show even growi/h lines, though where they can be dis¬ 
tinguished they have the charactenstic shape of concave arcs As stated 
above, while the slitband is not bounded on its upper side in the same way 
08 on its lower, and to some extent does not appear to have a sharp boundary 
at all, many specimens show an ineihed line on the earina either following 
the ere^st of the earina or more commonly following a line jast above the 
crest. Where most distinct this incised line on the carma is similar in appear¬ 
ance to the suture at the bottom of the constriction above, but on a smaller 
scale. The backwardly-curved ends of the growiih-lmes cun sometimes be 
traced to this boundary at which they appear to terminate This feature 
has been observed on so many specimens that I am inclined to believe it 
to be a constant one, with this qualification; it is most commonly observed 
where the canna is thick and rounded as the canna is apt to be on the 
larger whorls, and it is doubtfully to be observed w'here tfie earina is thin 
and sharp ns the earina commonly is in the smaller ones. Accordingly, it 
would be a character that developed toward maturity I am also inclined 
to believe that this incised hue marks the real boundary of the slitband. 
The inference may possibly be drawn that os the shell ineroused in age the 
deposits at the slit, which create the slitband, became thickened, but thick¬ 
ened unequally, with the greatest nccuniulatiou in the upper part and that 
the size of the earina was increased by this accumulation 

Locality and horizon —Magdalena limestone (?); La Luz canyon, east of 
La Luz, New Mexico (station 6686). 

III. phymatopleura, new generic name, with comments 

ON P. BRAZOEN81B (shUMARD) 

When I proposed the generic term Orestes in 1911® for certain 
Pleurotomarioid shells, my investigations into nomenclature, which 

* Girtt, G H New York Acad Sci, Annals 21: 136 1011; also U 8 Geul. 

Survey, Bull 544: 155 1015 
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were sincere but not comprehensive, indicated that the name was not 
preoccupied and the unusual character of the name itself, which was 
meant to commemorate the work of Orestes St. John, seemed a cer¬ 
tain guarantee that it was not. My good friend J. Brookes Knight 
warned me some time ago that Orestes was preoccupied as a generic 
name and in fact I find that it had been used by Blackiston and Fryer, 
as long ago as 1880 and again by Redtenbacher in 1906. I take this 
opportunity, therefore, to propose Phymatopleura as a substitute with 
of course the same species, Orestes nodosus as the genotype. 

I did not at the time know of, nor have since then come upon, any 
other species that could certainly^ be grouped with Orestes nodosus 
except a little known species from Texas described by Shumard as 
Pleurotomaria bnuoensis. It seems appropriate in this place to give a 
supplementary account of Phymatopleura bratoensis which was poorly 
described without illustrations. 

In establishing Orestes nodosus as a new species, 1 compared it with 
Pleurotomaria brazoensis, using not only Shumard’s description of 
that species but specimens from the Cisco formation that seemed 
to belong to it. The species from the Cisco that was employed in 
those comparisons is clearly the one that Plummer and Moore later 
figured as Orestes brazoensts; and not only is it certain that we are deal¬ 
ing with the same species, but it is almost equally certain that we are 
dealing with the species which Shumard described and which has 
lain for so long unrecognized. 

With specimens from the original locality and horizon the species 
can be identified with reasonable certainty but not otherwise. Conse¬ 
quently we find Meek in 1866 and Keyes in 1888 referring to P. 
brazoensis forms which were not only distinct from that species but 
distinct from each other. Meek’s form is now known as Pleurotomaria 
inbertexta; that of Keyes, so far as 1 am aware, is without a name. 
The figures given by Plummer and Moore show the general character 
of P. yazoensis but they are too small to show the sculpture in detail. 
Their figures were unaccompanied by a description just as Shumard’s 
description was unaccompanied by figures and as Shumard’s descrip¬ 
tion is hard to come by (the work in which it was published being now 
rare) and os Plummer and Moore’s figures are somewhat inadequate, 
it will be helpful to supply what seems to be lacking in each. Shu- 

^ It ia not Improbable that the Pleurotomaria brazoenne of Meek now known as 
PleuroUmarta xfUertexta, less probably the Pleur<aofnarta braxoenne of Keyes also 
belong under Phymatopteura 1 have not, however, examined specimens of either 
species Even if congeneric, however, both of them seem to be distinct from either 
P. nodoea or authentic P. brazoefms. 
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mard’s description will be found below and the synon 3 Tny which pre¬ 
cedes it comprises all the legitimate citations of the species. 

Phymatopleura brazoensis (Shumard) 

Pleuridomaria brazoenats. Shumard, St. Louis Acad Sci. 1: 624. 1860. 

Coal Measures: Young Co , Texas, near Indian Reserve. 

Orestes brazoensta. Girty, U. S. Gcol Survey, Bull. 544:158. 1915 
Orealea brazoenata. University of Texas, Bull 2132: 151, pi. 22, fig 16, 
16a. 1921. Graham formation (Wayland shale); South of Gunsight 

(loc. 80.2), Texas. 

Shell small, conical, height a little greater than the width; spiral angle 
67®; volutions about seven, flat or shghtly concave, marked at base with two 
revolving carinae, between which occurs the band of the sinus; lower carina 
the larger and rounded; under surface of last volution somewhat tumid in 
the umbilical region, and flattened towards the periphery; suture depressed, 
linear; aperture subquadrate; columellar lip deflected above and partially 
closing in the umbilicus, which is very small; surface of volutions oma- 
mentwl with from thirteen to fourteen rather strong, filiform striae, which 
are crossed by sharp transverse stnae, giving to the surface a handsome, 
crenulated appearance; upper margin marked with a row of rather promi¬ 
nent lengthened tubercles; band of sinus moderately broad, excavated, 
having a single revolving line, and numerous arched transverse stnae, cor¬ 
responding in size to those above the band. 

Length, 0.32; width, 0.29. 

Formation arid locality. —Young County, near the Indian Reserve. Found 
in bluish-gray marl, associated with Mynhna aubquadrata, Chonetea mesoloba. 
Straparollua catiUoidea, Fuauliiia, and other characteristic fossils of the Coal 
Measure^?. Texas State collection. - 

Shumard, I suspect, intcndeil to wnte “cancellated” instooil of “crenu¬ 
lated” in the above description (see also a comment by Meek) and lie leaves 
the reader in doubt whether the “thirteen to fourteen” striae represents the 
total number on both the lateral and lower surfaces or the number on only 
one 8urface"“if so, which? As he says that these striae are to be seen on the 
surface of the volutions (note the plural) and as only the lateral surface ls 
to be seen on any volution but the last, it seems probable that he was 
ascribing 13 or 14 striae to that surface alone. This also agrees with his 
description of the surface as cancellated (if that was actually what he in¬ 
tended to say) for that term is very descriptive of the lateral surface but is 
much less applicable to the lower surface. Aside from this his description is 
quite accurate though, as it proved, hardly specific enough to prevent mis¬ 
interpretation for neither Meek's form nor Keyes' closely resembles true 
P. brazoenaia. The description is unsatisfactory chiefly in what is omitted in 
the way of detail and of the range of variation, for a good suite of siiecimcns 
such as can be obtained with little difficulty (the species seems to be not 
uncommon in the general region and at the general horizon from which it 
was described) discloses that specimens which must be included in the 
species can differ rather widely. My own observations, which are sum- 
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mariEed in the following paragraphs, are based upon about 100 specimens 
of all sorts. 

In the final volution the slitband is broad, oblique, and situated on the 
periphery which is at about the mid-height. The surface above is oblic^ue 
and more or less concave, spreading outward near the slitband and ending 
in a knife-edged ridge which forms the upper boundary of the slitband The 
surface, coming up from below, rounds inward slightly to inclose the slit- 
band on its lower side, the slitband thus does not appear to be bounded 
below by a sharp ndge or lamella as on the upper side. In such specimens 
the most prominent part of the volution occurs just below the slitband. 
Sometimes, however, the surface just below the slitband, instead of being 
sharply rounded and prominent, retreats almost immediately and then the 
slitband appears to be hounded by a knife-edged ridge below as well as 
above The volutions embrace almost to the slitband so that the suture has 
above it a very narrow and slight prominence, the peripheral rmon of the 
preceding volution, and below it a wider and more prominent ridige formed 
by the upper part of the volution following. 

The feature last mentioned varies almost from specimen to specimen. In 
its most intensifietl form it is a well marked, broad, roundi^d ridge with 
additional elevations at short and regular intervals. In its least development 
both ridge and nodes arc almost, if not entirely, obsolete. This, however, 
seems to be a condition of old age and it has been observed only on the final 
volution of a few specimens whose earlier volutions are marked in the 
normal manner 

The swollen zone below the suture may be broad or narrow and high or 
NO low OH to be hardly signahz^^ at all except by the nodes that nsc from it. 
The nodes may be rounded and hemispherical but more commonly they are 
somewhat elongated and compressed so as to be subangular on top. At the 
opposite extreme they are very thin and high, as if formed by one of the 
transverse lirae which, at a definite point below the suture, abruptly becomes 
thick and prominent. The nodes vary not only m shape but in strength and 
in spacing. They may be close together or much farther apart, and very 
conspicuous or very subdued, though always a feature sufficiently pro¬ 
nounced to attract the eye, 

I'lie Hide of the volution between the nodiferous zone and the slitband 
IS marked bv fine^ regular transverse and revolving lirae of nearly equal 
strength and spacing, which make a regular reticulate ornamentation On 
some specimens the intersection of these caneollating bnes is marked by fine 
raised points, like short spinules, and probably this is a regular feature, 
though one not commonly preserved. 

Throe or four of the spiral lirae occupy the swollen or nodose zone below 
the suture and these arc commonly somewhat coarser than the rest; indeed, 
they may be much coarser. On the remainder of the lateral surface the num¬ 
ber of spiral lirae may vary from about 10 to almost 20. Where the number 
is exceptionally largo it may be attributed to the introduction of interstitial 
lirae, the character of which is occasionally suggested by their smaller size; 
this tends to create a sort of irregular alternation, though any pronounced 
alternation in size is exceptional. The difference in scale between the coarsely 
and finely striated shells is so marked that if extreme examples of each were 
found without intermediate forms and especially if found at different locali¬ 
ties, they would undoubtedly be regarded as belonging to different species. 
The spiral lirae are commonly slender and rounded, but may be appreciably 
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stouter with a corresponding difference in spacing in which, of course, num¬ 
ber also plays a part The transverse lirae are thinner than the spiral ones, 
much like low, vertical lamellae. They may be spaced at the same intervals 
but may be much more closely arranged. Normally, however, the spiral lirae 
arc numerous and essentially uniform in sise, the transverse lirae slightly 
thinner and spaced at the same intervals, and the rebuilt a very regular and 
veiy fine cancellation. 

Typically the slitbond contains a single revolving lira, which may be 
very slender or relatively stout Not uncommonly a second smaller lira is 
developed above or below the median one (as in figure 21a) and in a few 
specimens an additional lira is developed on both side's of it. The three lirae 
may be equal m size but more commonly the median one is the largest 
Transversely the slitband is crossed at regular intervals by short slender 
raised hnes m concave arcs, which in crossing the spiral lira (or lirae) create 
very small nodes The transverse lirae in the slitband are rather commonly 
spaced at appreciably wider intervals than those on the lateral surface On 
some specimens they are irregular in size and spacing, as if by intercalation, 
and where this occurs they may be more closely arranged than the transverse 
lirae above. 

The basal surface is marked in much the same way as the lateral surface, 
only more coarsely, especially as regards the spiral lirae. I'hese are on the 
whole thicker than the revolving lirae of the upper surface and are subject 
to greater inequality in size. Some of the large ones may be very large and 
some of the small ones very small and sometimes a more or less regular as 
well as a strong alternation in size can be observed. In number the revolving 
lirae may reach 20 or more. Although the lower surface is somewhat broader 
than the lateral surface and although it may not have many more revolving 
lirac, it appears more coarsely as well as more irregularly liratc because the 
lirae are thicker, and, where especially thick, they are rather crowded A few 
brae (4 more or less) on the sharply curving surface below the slit band are 
generally subcqual in size and not so large as the larger ones on the rest of 
the lower surface while a few near the false umbilicus may attain a relatively 
enormous size. 

The transverse lirao are thin and lamollosc like those of the lateral surface 
and on the same specimen they have about the same spacing on both. A com¬ 
parison in this item is diffieult, however, because the transverse brae above 
the slitband have to contract much less in passing upward to the suture than 
tho.se below the slitband do in passing inward to the axis. Just below the 
slitband they may be larger and more widely spaced than they are just 
above it (or on the other hand, cs.sentially the same in both respects), but 
shortly are reduced to or remain at parity. In crossing the lower surface to 
the axis they not only become finer but draw together with a tendency to 
coalesce 

As they converge toward the axis they become more or less strongly 
fasciculate and give rise to correspondingly large strong nodes on the ex¬ 
ceptionally large spiral lirae that occur there. 

The characters not touched ujwn are chiefly generic. The axis seems to 
be imperforate, though the inner lip is thickened and reflexed to form a small 
false umbilicus. Instead of an inner lip the surface markings are resorbed 
so that the surface within the aperture is smooth and slightly depressed 
below the sculptured surface outside of it. 

It was probably this species which I cited as Pleuroiomana Brazoemnit in 
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listing the collections made in Missouri by Hinds and Greene.* The speci¬ 
mens so identihed are fairly numerous but most of them are so incrusted that 
their characters are imperfectly shown. These and other similar specimens 
from Oklahoma which I have seen at first appear to be distinct from P. 
Brazoenaia by reason of their finer sculpture but they are also of a cor¬ 
respondingly smaller size. The general features appear to be about the same. 
Specimens from Texas vaiy so much in their sculpture that some do not 
differ materially from those from Missouri, and the specimens from Missouri 
differ from each other in this feature or in that If the Missouri form is re¬ 
garded as specifically distinct from the Texas forms there are differences in 
the content of each which are apparently equal in significance to the differ¬ 
ences between them. 

PALEOBOTANY .—The fruit of Trapa? microphylla Lesquereux} 
Roland W. Brown and Edgar Houldbworth. 

The complete four-parted rosettes of floating, compound leaves as 
well as the detached leaflets of plants purporting to be a species of 
water chestnut or caltrop called Trapat microphylla Lesquereux, have 
long been known from Cretaceous and Eocene strata of the western 
interior of North America.* The surfaces of some slabs of rock, not¬ 
ably those from the Fort Union formation (Eocene) at Burns Ranch, 
30 miles down the Yellowstone River from Glendive, Mont., are cov¬ 
ered with them. Although much leaf material has been collected from 
this and numerous other localities in Wyoming, Montana, and Can¬ 
ada, none, until recently, was found with fruit attached. The speci¬ 
mens displaying fnut that arc reported here were found in 1936 by 
Mr. Edgar Houldsworth of Regina, Saskatchewan, Canada, in the 
Ravenscrag formation (Eocene) cropping out in sec. 4, T. 2, R. 22 
west of the 2nd meridian, in the Big Muddy Valley region of southern 
Saskatchewan. 

The findmg of these specimens with fnut attached establishes the 
affinity of numerous detached fruits that were found in previous col¬ 
lections but whose identity remained a mystery. Some of these have 
been figured and described as Carpohthua, Viburnum, Ny88a,eU:. It is, 
however, not our purpose to give a synonymy of these species at this 
time. 

The fruit of Trapat microphylla averages 1 cm in length, is ovoid, 
the apex being slightly elongate and emarginate or cut at the end 

■ Mlasourt Bureau of Geology and Minos (2) 13* 305 1015. 

^ Publiahed by permiRsion of the Directorp Geologioal Survey, Department of the 
Interior. Received November 21, 1938. 

■ E. W. Birbt ban recently eummariied the history and knowledge of this species 
in Oeol Survey Canada Mem. 182: 61-64, pi. 10, figs. 1-11. 1035. 
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as shown in the better preserved specimens, Figs. 4, 5, 8. The surface 
displays several pronunent, longitudinal bulges and depressions which 
appear to have been folds that eithei* were present in the living fruit 
or were initiated at the beginning of fossilization. These fruits were 
attached by short, stout peduncles to the stem beneath the rosette 
of floating leaves, somewhat in the same manner as the nuts of living 
species of water chestnut, Trapa. Fig. 1 shows one attached fruit 
partly overlain by another that is not fully uncovered but presumably 
belongs to the same plant. It seems probable therefore that T.f micro- 
phylla produced more than one fruit on a single plant. Nothing is 
known about the seed or seeds borne in these fruits. 

Inasmuch as the frmt here shown to be part of the species Trapat 
mtcrophylla is without the horns so characteristic of the living species 
of Trapa, and because the leaves of this species are compound, not 
simple as in living species of Trapa, the propriety of the question 
mark used by Lesquereux becomes doubly apparent. However, these 
divergences do not necessarily preclude a possible relationship, nut 
too distant, with living Trapa, for diversities of foliage and fruit just 
as great can be matched in many other families of flowering plants. 
It may be noted that Dawson* reports horned nuts called Trapa 
borealis lleer from the same strata on the Red Deer River and Rose¬ 
bud Creek in Alberta, Canada, that also yield ‘ieaves not distinguish¬ 
able from those [T,f microphyUa] described and figured by Lesque- 
reux.” Despite this association it is clear now that the horned nuts 
must have been produced on a different plant, the foliage of which 
has not yet been found or has not been recognized as that ol Trapa. 
Thus far, although several fossil species of Trapa fruit have been re¬ 
ported from strata in North America,* no foliage positively assignable 
to Trapa has yet been identified. 

Some of the Houldsworth specimens, not figured here, yield addi¬ 
tional information, not hitherto reported in regard to Trapat tmero- 
phylla. The quartered rosette of compound leaves that is most com¬ 
monly the portion found, has for some time been suspected of being 
the floating part of the plant that appeared on the surface of the 
water. One of the Houldsworth specimens, and more clearly, a speci¬ 
men (Fig. 3) from Wyoming shows fimbriated and fiUform submerged 
leaves beneath the rosette of floating leaves. Other specimens indicate 

■ Dawson, J. W. On fosatl plants from the Laramte formation of Canada, Roy 
Boo. C^sda, Trans 4 (m 4) 31, pi 2, fig 10 1880 

* Bbown, Roland W. Mtocenf leaves. fruUSy and seeds from fdaho^ Oregon^ and 
Washtngion, Jour. Paleont 9: 581, pi 6/, fig. 17 1935 —Additions to some fossil 

floras of the western United States. U S Geol Survey Prof Paper 1S6: 183, pi 55, 
figs 6, 6. 1937 
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Figs 1-9 —For explanation see uppoHite page. 
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indefinite lengths of slender, tubular, perhaps noded, stem to which 
the rosette and fruits were attached. If the broken enlargement at 
the end of one of these stems was a root or holdfast, the stem could 
not have been more than 8 cm long, but complete specimens must be 
had to confirm this point. At any rate these additional facts affirm 
the inference that TJ mtcrophylla was a hydrophyte with morphology 
and habits comparable to those of Trapa naians today. 

ORNITHOLOGY.— A gerius and three new forms of birds from 
Borneo,^ J. H. Riley, U. S, National Museum (Communi¬ 
cated by H. Friedmann.) 

In identifying material collected by Doctor W. L. Abbott and 
H. C. Raven in Borneo, the following genus and three forms of birds 
are believed to be unnamed. They may be known from the following 
descriptions: 


Elocincla aenigma gen et sp nov 

Type ,—Adult male, U. S. National Museum, No. 181562, Klumpang 
Bay, ^uthcast Borneo, March 5, 1908. Collected by Dr. W. L Abbott, 

Similar to Malacocincla Blyth, but tail Hhorier than the tarsus, instead 
of much longer. 

The type and only species may be described as follows. 

Similar to Mcdacoctncla rufiverUns Salvadon, but bill and tail shorter 

Descnpiton ,—Pilcum deep neutral gray washed with olive brown; back 
and outward surface of the wings cinnamon brown, becoming shghtly more 
reddish on the upper tail-coverts; tail mars brown; lores and checks deep 
mouse gray, the auriculars washed lightly with olive brown; throat and 
jugulum white, the latter with obsolete dusky streaks, cheat, sides, belly, 
and crisaum cinnamon, middle of the breast buffy white. Wing, 71; tad, 
25.5; culmen, 16; tarsus, 27, middle toe and claw, 22. 

Remarks ,—The present species la founded upon four specimens, as follows, 
the type; one male and one female, Kapuos River, West Borneo, and one 
female, Ritan River, East Borneo. There is some little variation in the four 

* Published by pormission of the Secretury of the Smithsonian Institution Re¬ 
ceived November 15, 1938 


Fig 1 —Trapaf mtcrophylla Losauereux with two fruits, one of which is attached 
iieneath the center of the rosette or floating surface leaves Ravensorag formation 
(l^cene), sec. 4, T 2, R. 22 west of the 2nd meridian, Saskatchewan, Canada Collected 
by Edgar Houldsworth Fig 2 —Specimen showing one misshapen attached fruit 
luvenscrag formation. Fig 3 —Specimen showing nmbnated submerged loaves be¬ 
neath the rosette of surface leaves Meeteetse formation (Cretaceous), HE } sec 10, 
T. 46 N , R. 98 W , Wyo Collected by D F Hewett. Figs 4-6, 8.—Detached fruits. 
Fort Union formation (Eocene), left bank of the Yellowstone River at Burns Ranch, 
30 miles northeast of Qlondive, Mont. Collected by I^ter F Ward Fig. 7 — Sketch 
of leaOet showing venation After Lesquereux, The Tcritary flora, U 8 Geol Survey 
of Terr, vol. 7, pi 61, 6g 16, 1887. Fig 9—Small rosette Meeteetse formation, 
NE J sec 2, T. 45 N , R 98 W , Wyo Collected by D F Hewett All figured speci¬ 
mens are in the U. A National Museum. 
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specimens. In one female there is little white on the breast and the dusky 
streaks extend forward onto the throat. In two of the specimens the pilcum 
is deep neutral gray without any olive brown wash. The four birds have 
been compared with five skins of Malacocincla rufivenims from Dutch East 
Borneo and they are remarkably alike in plumage. The latter on the average 
is a more reddish brown above and the pileum is more heavily washed with 
brown, sometimes entirely brown. It is remarkable how close the two species 
resemble each other in plumage and for this reason Elocincla aenigma has 
been overlooked, but the latter can always be distinguished by its shorter 
tail and bill; it is also somewhat smaller. 

The four specimens of Elocincla aentgma measure: wing, 60 5-75 (70); 
tail, 23-25.5 (24.7); culmen, 15-16 (15.5). 

The five specimens of Matacocincla rufivenins measure: wing, 71 5-75 
(73.9); tail, 40-46.6 (43.3); culmen, 17-18 (17 2). 

In my opinion Matacocincla aeptarta and Malacocincla ryfivenlria belong 
to two distinct form groups. 

Piilopyga Sharpe* (type Malacocincla rufivenlna Salvadori) is a synonym 
of Malac^ncla Blyth. 

lole olivacea perplexa subsp. nov. 

Type. —Female, U. S. National Museum, No. 182491, Labuan Klambu, 
East Borneo, June 28, 1913, collected by H. C. Raven (original No. 909). 

Similar to lole olivacea charloUae Finsch, but smaUer, the *tail a more 
reddish brown above, the greater wing-coverts and inner remiges edged 
outwardly with hasel instead of light brownish olive; under tail-coverts 
ochraceouH-tawny rather than ochraecous-buff or eolonial-buff. Wing, 78; 
tail, 72; culmen, 16 

Remarks —Raven took two females at the type locality on the same day. 
It may be the haiel edging to the vdng-coverts and inner remiges denotes 
that the specimens arc not fully adult, but they are about full grown and it 
seems hardly likely that there would be any great increment in sisc. The 
other female measures, wing, 78; tail, 73; culmen, 16. 

Two males of lole olivacea charloitae measure- wing, 88-91; tail, 72-73; 
culmen, 18-20 5; two femalcH- wing, 82 .5-90; tail, 72 5-74; culmen, 18 5-19 

Arachnothera afflnis para subsp. nov 

Type, —Adult male, U. S. National Museum, No. 182150, Birang River, 
Duten East Borneo, October 9, 1912. Collected by H. C. Raven (original 
No. 276). 

Similar to Arachnothera ajfinia tnodesia of the Malay Peninsula, but the 
lower parts lighter and less greenish yellow; the throat and breast more 
heavily streaked with dusky; above there is not much difference between 
the two forms; the Bornean race is on the average more greenish, less yellow¬ 
ish on the upper parts; wing, 89; tail, 55; culmen, 40. 

Remarks —The above race is founded upon three males and two females 
from Dutch East Borneo. These liave been compared with a large series 
from the Malay Peninsula and Sumatra and they stand right out as de¬ 
scribed above A single male of Arachnedhera affinis evereiii from Mount 
Kina Balu has been examined and A. pars resembles it in color but 

is not so dark below or so greenish above; in size the Kina Balu specimen 
is somewhat larger; it measures: wing, 95; tail, 61; culmen, 42,5. Seven males 

> Cat. Birds Brit Mur 7: 507. 585, 1883 
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and seven females from the Malay Peninsula (the type locality of modeata 
is Malacca) measure: wing, 70-86 (78.2); tail, 30.6-52 (46 6); culmen, 33-40 
(36.7). Three males and two females from Kast Borneo measure: wing, 
76-89.6 (82.4); tail, 44.6-57 (49 6); culmen, 36-40 (37.3). Sumatran speci¬ 
mens arc slightly more yellowish green above than Malay Peninsula birds 
and appear to be a little smaller. Three males and three females from Su¬ 
matra measure: wing, 72-83 (77.7); tail, 39-50 (44); culmen, 31-35 (32.8). 

ArachnoUiera affinta (^jffints of Java is much more yellowish above than the 
Bornean series and below is darker, more grayish; it is rather heavily 
streaked below like the Bornean form, however Two males and one female 
from Java measure, wing, 78-91 (84); tail, 47-69 (52 2); culmen, 33.5-36 
(34.5). 

Whether Arachnothera affinis •para is confined to Dutch East Borneo or 
not is not known at present, but it seems incredible that such a well-marked 
form should have escaped naming so long, if it was more generally dis¬ 
tributed upon the island. 

ZOOLOGY .—Craha aa food in India.' A. Rahakrishna Reddy, 
Annamalai University, S. India. (Communicated by Waldo L. 
Schmitt.) 

Crabs are used extensively for food in India, particularly in all 
provinces that border on the sea. In Bengal the crabs fished are 
Scylla aerrata (Forskil), Neptunua pdagtctia (Linn.), and Charybdia 
crucifera (Fabr.). Seylla is the most important and is very much rel¬ 
ished by the Bengalese. The other two only occasionally are brought 
to market. In Bengal the freshwater Parathelpkuaa apimgera (Wood- 
Mason) and the esturine Vanina Utterata (Fabr.) are taken for domes¬ 
tic use by the poorer classes. 

Along the coast of Bombay and Rind, S. aerrata, Neptunua aanguino- 
lentua (Herbst), and C. crucifera are most frequently caught. The 
Parathelpkuaa fished m this region is P. jacquimontii (Rathbun). 

In Madras, N, pelagtcua, N. aanguinolenlua, S. aerrata, Matula 
victor (Fabr.), and C crucifera, listed in the order of their importance, 
form a large scale fishery. Here the freshwater species consumed 
locally are Parathelphuaa hydrodromua (Herbst) and P. bouvieri 
(Rathbun). 

Seylla reaches a large sise, 8 to 12 inches in width. In Chilka Lake 
it may attain a width of a foot and a half I Charybdia also grows to a 
large size, but Neptunua not over 8 inches in width. Parathelphuaa 
ranges from 2 to 5 inches, while Varuna never exceeds 2. Matuta 
grows slightly larger than Yaruna. 

^ Piwared Jn response to an inquiry from Dr. Waldo L Schmitt, of the United 
States National Museum I am indebtea to Dr B N Chopra, of the Indian Zoological 
Survey, Calcutta, for assistance in the preparation of this article and also to the Direc¬ 
tor of Fisheries. Government of Madras, the Director of Industries, Government of 
Bombay, and the Fisheries Expert with the Government of Bengal. Received De¬ 
cember 22, 1938. 
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In taking Scylla commercially* a stout bamboo pole is firmly 
planted on one bank of a creek where the crabs are found. One end 
of a strong line is attached to this pole. The other is rowed to the 
opposite bank. From it arc suspended a number of smaller lines bear¬ 
ing baits secured to slip nooses. In their efforts to carry off the bait, 
the crabs are caught in the nooses. Then the line is slowly pulled in 
and the crabs removed to the hold of the boat, where they may be 
kept alive for many days. Scylla is captured on a small scale by means 
of an iron hook affixed to a bamboo pole which is used to pull the 
crab out of its burrow. For the more active swimming crabs, Charybdia 
and Neptunua, sieve-nets are used. 

In Bengal, large numbers of Varuna are obtained for domestic use 
with circular dipnets like those used for the capture of the soft- 
shelled blue crab, Calhnectea sapidua, in America. The Paralhelphuaa 
fishery of Madras also employs dipnets. In and around Bombay this 
crab IS caught in large numliers in light traps similar to those used 
in America for hnrd-shelled Callinedea aaptdua.* Parathelpkuaa is also 
secured by means of a long stick ending in a swollen knob and pro¬ 
vided with a bamlmo sleeve which may be slipped down against the 
knob. This implement is inserted into the crab’s burrow. When the 
crab takes hold of the knob, the bamboo sleeve slips down over its 
claw, clamping it so tightly that the crab may be successfully pulled 
out. 

In Madras crabbing is an important occupation. A “hook and line” 
like that employed for catching fish is used. Htppa is the common 
bait. In back waters, floating crab traps are used. Crabs on the west 
coast are caught in small quantities mainly in cast nets, but also in 
seines and trawl nets along with fish. In the Gulf of Manuar and 
Palk Bay wicker traps are common. 

Crabs arc usually fried or served as soup. From Scylla and Nep¬ 
tunua only fried dishes are prepared, as follows: 

Break the shells of 10 of these crabs so that tho animals may be immersed 
in water, discarding the carapace, gills, and legs. Boil for 15 minutes, after 
which add 2 tablespoons of chili powder, I teaspoon of cinnamon bark, 2 
tablespoons of coriander powder, and ^ teaspoon of salt. Boil for about 5 
minutes more Meanwhile, fry 4 teaspoons of onion chips and one teaspoon 
of peeled garlic in ghee, gingilee oil, or cocoanut oil until the ingredients 
turn yellow, also fry separately 6 cloves and 4 pods of cardamon. Add all 
tho fried ingredients to the boiling crabs and continue boiling for 2 or 3 
minutes more. 

’ Hoha, T, Crah finhtng lU UUarbhag, Lower Bengal Current Science, 3 (II): 
543 M)35 

' Mbtcalf, K P a Text-book of Beonomie Zoology, p. 188 1030 
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Fried dishes like the foregoing are also prepared from Parathel- 
phusa, but in this case the quantities of ingredients will do for as 
many as 30 of these smaller crabs. 

Soup is generally made from Parathdphuaa as follows: 

Crush 10 adult crabs without discarding either shell or gills. Boil for 15 
minutes, after which add 2 teaspoons of pepper, ^ teaspoon of cumin, 1 tea¬ 
spoon of peeled garlic, and 1 teaspoon of salt, and continue boiling for 20 
to 30 minutes longer. 

These crab dishes are considered of great medicinal value. Those 
of Scylla and Neptunus are used for convalescing malaria patients, 
also by asthma sufferers. The crab dish seems to act as a specific 
tonic. Parathelphusa soup is used for colds. The extensive use of 
crabs in such oases cannot be without some justification. In Indian 
medicine* crab curries are recommended for chronic fevers. There 
may be some mineral salts of medicinal value in the digestive glands 
of these animals or vitamins which are not destroyed in the cooking 
process. An investigation of the medicinal value of crabs as food ap¬ 
pears to be indicated. 

As our Indian crab fisheries have never been properly developed, 
there is great room for future expansion. The crustaceans fished 
throughout India perhaps outweigh both in quantity and value the 
}deld of all other fisheries. Prawns rank first, with the crabs a good 
second. In 1923, crabs and prawns worth Ra. 135,056-14-0 ($33,764 ±) 
were sold in Madras.* The fishery statistics available for the west 
coast of the Presidency of Madras show that on an average about 
500 maunds* of crabs worth Rs. 8,000 ($2,000 ± ) are landed annually 
on the Malabar and South Kanara coast alone In Bombay annually 
80,000 crabs arc caught and sold for Rs. 10,000 ($2,500 ±). In Bom¬ 
bay and Sind together, 500,000 crabs arc caught and sold for ap¬ 
proximately Rs. 30,000 ($7,500 ±) every year. In one year prawns 
and crabs fished along the Bombay coast sold for Rs. 2,500,000 
($625,000 ±). For Sind the figures are Rs. 1,500,000 ($376,000±). 
Large quantities are caught elsewhere in India, notably in Bengal. 

If modem methods were employed and the crab and prawn fisheries 
properly developed, the industry would flourish. Only the Govern¬ 
ment of Madras has a modem department of fisheries which is giving 
some attention to the crab and prawn fisheries, but less than their 
importance warrants. The crabs are of such economic importance 

* Vastugunadipika. A Telugu FubUcation^ 1014. 

* Mosbs, S T. Bull Madras Fisheries, 15 (6): 139 1923. 

* The roaund, as generally used throughout India equals 82.2S4 pounds; in Madras, 
it sometimes may equal only about 25 pounds. 
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that Dr. B. N. Chopra’s suggestions of the formation of an All-India 
Central Co-ordinating Organization for the Study of the scientific 
problems connected with our vast inland and coastal fisheries should 
receive earnest consideration by the Government. 


PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

THE ACADEMY 

UECENTLY ELECTED TO RESIDENT MEMBERSHIP 
IN THE ACADEMY 

Harry S Bernton, practicing physician and professor of hygiene and 
preventive medicine, Georgetown University, in recognition of contributions 
in the field of protein sensitization. 

Gerard Dikmans, parasitologist. Bureau of Animal Industry, in recog¬ 
nition of hi.s contribution.^ to parasitology, e.Hpecially helminth parasites 
of ruminaats. 

Irvine T. Haig, principal silviculturist, U. 8 Forest Service, in recog- 
mtion of his contributions to forest research, particularly on the growth, 
yield, and natural reproduction of the Western White Pine of the Northwest. 

Elmer Higgins, chief. Division of Scientific Inquiry, U. 8. Bureau of 
Fisheries, in recognition of his contributions to manne biology as related 
to the fisheries. 

Hugh Curtis McPuee, chief, Division of Ammal Husbandry, Bureau 
of Animal Industry, m recognition of his contributions in the field of genetics 
of plants and animals. 

IClmer Martin Nrlbon, principal chemist, Food and Drug Administra¬ 
tion, in recognition of his researches in the field of nutrition and vitamins. 

Walter Kamberg, physicist, National Bureau of Standards, in recog¬ 
nition of his contributions to mechanics, in particular his researches in the 
mechanics of structures. 

Sanford Morris Rosenthal, senior pharmacologist. National Institute 
of Health, in recognition of his researches on the test for liver function, the 
pharmacology of arsphcnamincs and mercury, and the chemotherapy of 
sulfanilamide 

Harry Waltner Titus, senior biological chemist, Bureau of Animal In¬ 
dustry, in recognition of his contributions to the physiology and chemistry 
of nutrition, in particular the nutrition of poultry 

Everett Elmer Wehr, associate zoolo^t, Bureau of Animal Industiw, 
in recognition of his contributions to helminthology, particularly nematode 
parasites of birds. 
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GEOLOGY .—Nole on unreported Oltgocene in Cttrus County, Florida} 
W. C. Mansfield, Geological Survey. 

Mossom* in 1925 assigned to the Ocala limestone (upper Eocene) 
the entire thickness of about 115 feet exposed in the vertical face of 
the Crystal River Rock Company’s quarry located five miles south¬ 
east of Crystal River, Citrus County, Florida. In 1929, Cooke and 
Mossom* also assigned to the Ocala limestone the entire thickness of 
the exposure, then about 121 feet. In 1937, the locality wa.s visited 
by the writer and C. W. Mumm, and a collection of fossils was ob¬ 
tained from all parts of the opening (U. S. Geol. Survey station 
14141). When studied later, this collection was found to contain a 
mixture of Oligocenc and Eocene fossils. The quarry was visited in 
1938 by the writer and F. S. MacNeO, and at this time a collection 
was obtained from the upper part of the face (station 14336). This 
collection contains definitely Oligocene fossils and supphes evidence 
for assignment of the upper part of the exposure to the Suwannee 
limestone. 

Much of the wall of the quarry consists of limestone, but an un¬ 
dulating and somewhat indurated clayey band, one foot in thickness, 
runs irregularly across the upper part of the face, its position esti¬ 
mated to be in places 70 feet above the floor of the quarry. It clearly 
cuts across the horizontal beds of the underlying rock. The approxi¬ 
mate lower boundary of this clay band is indicated by the dotted 
line on the accompanying photograph (Fig. 1), though on account of 
the nearly vertical exposure and concealment in places by rubble the 
exact position of the contact is not everywhere clear. This band is 
interpreted as the unconformable contact between the Ocala lime¬ 
stone (upper Eocene) and the overlying Suwannee limestone (Oli¬ 
gocene). The thickness of Oligocene strata may be as much as 30 
feet. 

‘ PubLshed with the permiHaion of the Director, Geolofcioal Survey, United States 
Department of the Interior. Received Nov 14, 1038 

* Moseoif, Stuart A prehmtnarv report on the Itmeetonee and marU of Flortda, 

Flonda State Geol Survey IGth Ann Kept pp 124, 125 1925 

* CooKV, C W., and Moeeou, Stuart Geology of Flonda Flonda Geol. 

Survey 20th Ann Rept p 50. 1020 
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Fig I —Face of Crystal River Rock Company’s quarry, 5 miles southeast of 
Crystal River, C^itrus County, Florida Dotted line indicates unconformity separating 
Eocene and Oligncene beds. 


Most of the fossils m the later collection (14336) came from a posi¬ 
tion above the undulating, horizontal band, and a few from rock 
believed to have fallen from the upper part of the quarry. The matrix 
in which the Oligocene fossils occur consists mainly of an indurated, 
semi-crystalline limestone. The following species were collected: 

Mollusca 

Tubulosiium sp. Two specimens were collected This genus occurs in 
the Eocene. It also is living. 

Pyrula sp., internal mold. 

Cypraea sp , sculpture corroded. 

AmpuUina? sp. 

Glycymenst sp., internal mold 

Ostrea sp., apparently not an Eocene specie.s. 

Pecten hrookamUenats Mansfield? 

Chtone sp., similar to specimens in the Suwannee limestone (Oligocene) 
and in the lower bed at EllaviUe, Florida (Oligocene). 

Teredo} xneraaaaia Qabb. 

Echinoderilata 

Khyncolampua gouldtx (Bouv6), quite common. This species is abundant 
in the Suwannee limestone (Oligocene). 

Fobaiunifera 

The Foraminifera were examined by Dr. T. W. Vaughan who reports 
one determinable species. Lepxd<^dxna aupera (Conrad), and con¬ 
cludes that the geologic horizon is Ohgocene. 
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BOTANY .—Some Georgia Diacomyceiee.^ Edith K. Cash, Bureau 
of Plant Industry, (Communicated by John A. Stevenson.) 

The specimens here discussed were collected in Georgia in the 
spring of 1938 by Dr. Julian H. Miller. All except one are incon¬ 
spicuous fungi growing on overwintered leaves. It is probable that 
some of these foliicolous species have a far wider distribution than is 
now known, but have hitherto escaped notice because of their small 
size. Specimens are in the herbarium of the University of Georgia, at 
Athens, and in the Mycological Collections of the Bureau of Plant 
Industry at Washington, and tyjKJ material of the three species de¬ 
scribed as new has also l)ecn deposited in the Farlow Herbarium of 
Harvard University, and herbaria of the New York Botanical Garden 
and the University of Michigan. 

1. Lachnum comi n sp. (fig. 1.) 

Apothecia stipitiito, sparse, hypophylloiia, soft fleshy, pilose, cupulato, 
avellanoous to wood brown (Ridgway),* 0 3-08 mm diam , h 3 Tnoniuin whitish 
to pale olive buflF, margin inrollcd when dry, often folded triangularly - stem 
cylindrical, pilose, 0 5X0.1-9.2 mni, asci narrow-cylindrical, S-spored, nar- 



Fi*. 1,— Lachnum eornx on Cornun amomum (XO) Fig 2 — Lachnum haleatac 
on HtUena Carolina (X10) Photo, by M L F Foubert. 


rowed at the apex and gradually attenuated toward the base, 33-37.5X3- 
3.5/u; spores aricular, bisenate, hyaline, uiufcllular, 4-6X0 5 -Im; paraphyses 
lanceolate, extending beyond the asci, 50-55X3-3 5/*; exciplo hyahne, pro- 

* Received November 14, 1938 

• Color terminology is that of Ridoway, Color Standards and Color ^ornenclalure, 
Washington, D C , 1912 
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senchymatous, covered, particularly at the margin, with brown, non- 
scptate, finely echinulstc hairs, which are slightly swollen and paler at the 
apex, 50-65 X2.&-3.6)ii. 

Apothcciis stipitatiH, hy|K)phylli8, mollc carnosis, cupulatis, brunneo- 
pilosis, 0 3-0 8 mm diara ; hymenio albido-luteo;8tipitecyhndrico,0.5X0.1- 
0.2mm; ascis cylindricis, 33-37 5X3-3 5/i; ascosporis acicularibus, biaeriatis, 
unicellulanbus, hyalinis, 4-6X0.5-1 m; paraphysibus lanceolatis, 50-55X3- 
3.5/i, pilis brunneiH, echinulatis, 50-65X2.5-3 5/1 

On leaves of Comus amomum^ Epps Bridge, Clarke Co., Ga., Apr 24, 
1938, J. H. Miller. 

Lachnum craiaegx var. artsiatum, deacnbed by Vclenovsky (7, p, 249) on 
branches of Corntis in Bohemia, has larger apothecia and longer asci and 
paraphysCK. DcunypeziH comi-mans v. Hoehn. (4, p, 4), which occurs on 
Comus fruits m Europe, appears from the descnption to be a Dasyscypka in 
the strict sense, with filiform paraphyses; it differs from L. cemi also in 
color and other charaeterN. 

2 Lachnum halesiae n. sp. (fig. 2 ) 

Apothecia scattered over the lower leaf surface, sessile or substipitate, 
soft fleshy, subglobose with the margin mrollcd and the hymenium hidden, 
then expanded and patelliform, white toinentose, 0.2-0 6 mm diam.; hy- 
menium translucent apricot-yellow (Ridgway), drying Capucinc yellow; 
osei broad-eylindrical, short stipitate, broadly rounded at the apex, 8-apored, 
47 5-50X7.5-8/1; spores obliquely umseriate, hyaline, fusoid, guttulate, 
12-15X1 5-2/*; paraphyses exceeding the asei, slender, lanceolate, septate, 
65-80X2.5-4/1; hairs eehinulate, hyaline, septate, not swollen at the apex, 
90-130X3-4/i; exciple hyaline, proKcnchymatouH. 

Apothcciis hypophyllisj Hc^ssilibus, mollc carnosis, subglobosis deih patel- 
lanbus, albo-tomentosis, 0.2-0 6 mm diam.; hymenio flavo; ascis cylindricis, 
octosporis, 47,5-55X7.^'8.5/iI sporis hyalinis, furtoideis, 12-15X1.5-2.5/*; 
paraphysibus anguste lanceolatis, 65-80X2.5-4/*; pihs echinulatis, hyalinis, 
90-130X3-4/*. 

On leaves of Halenta Carolina, west side of Mitchell Bridge, Athens, Ga , 
Mar. 20, 1938, J. H. Miller. 

So far as is known, no species of Lachnum has been recorded on HdUsia 
or on the other genera of the Styracaceao, and the fungus appears to be 
hitherto undesenbed. 

3. Lachnum poUlnarium (Cke.) n. comb. 

Pezxza pclltnana Cke. Bull. Buffalo Soc. Nat. Sci. 2: 292. 1875 

Trtchopeztza poUtnana (Cke.) Sacc. Syll. Fung. 8: 416. 1889. 

On leaves of Quercixs mmiana, Athens, Ga., Mar 28, 1938, J. H. Miller, 

The type spccimcm of Pezxza polhnana on oak leaves, New Jersey, EUts 
2158, was not available for study, but several specimens from the Ellis 
Herbarium, collected at Newfield, N. J., between 1876 and 1882, and labeled 
by Ellis as P, poUinana, also Elite, N. Am. Fungi 138 and de ThilTnen, Myc. 
Umv. 414, have been examined The lanceolate paraphyses indicate that 
this species belongs to the genus Lachnum. Cooke (1, p. 292) desenbed the 
hairs as white, but under the microscope they are pale brown. 
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4. Dasyscypha acerlna (Cke. & Ell.) n. comb. 

Peztza {Dasyscypha) accnna Cke. & Ell, Grev 7: 40 1878 

Tnchopezxza acenna (Cko. & Ell ) Sarc. Syll. FunR. 8 : 417 1889. 

On leaves of Acer rubrumf Lakomont, Ga , Apr 23, 1938, J. H Miller. 

This agrees with the exwiccati specimen of Ellis, N. Am Fungi 666, on 
leaves of Acer sp., Newfield, N J. 

5. Drepanopeziza popum-albae (Klob) Nannf. 

On leaves of Populus alba, Agr Campus, Athens, Ga , Mar. 30, 1938, 
J. H, Miller. 

Although the conidial stage, MarHonta castagnet (Desm & Mont) Magn , 
has frequently been collected m the Umteil States, the ascus stage has 
rarely been reported. 

6. Pybenopeziza poliicola (Karst.) Saco 

On leaves of Alnus rugosa, Agr. Campus, Athens, Ga, Mar 31, 1938, 
J. H. Miller. 

No specimens of this species have been available for examination, and it 
has not been rejiorted from North America, so far as is known, but since 
this Georgia specimen agrees with descriptions of P, fohtcola, it is tenta¬ 
tively so named. 

7. Pyrenopeziza leucodermis n sp 

Apothecia hypophyllous, siibepidermal, then superficial, sessile, scattered 
thickly over the leaf, at first nearly globose, then patellate, membranous- 
fleshy, pale brown, 150-250/1 in diameter, 40-50 m deep; exterior furfuraceoua, 
margin even or slightly fimbriate, inrolled w'hen dry; hymenium subhyaline; 
asci clavatc to narrow ellipsoid, 8-spored, narrowed at the ajM'x and base, 
28.6-35.2X5-6//; spores obliquely unisenatc to bisenate, straight, cylindrical 
to clavate, hyaline, unicellular, guttulate, 5 -7X0 7-l/i; paraphyses hyaline, 
filiform, unbranched, slightly enlarged and recurved at the tips, frequently 
indistinct and united in a hysdine mass, hyiiothecmm hyaline, thm, cortex 
of thin-wallcd, pale brown cells, pseudoparcnchymatous at the base, 
elongated at the margin and united m pointed clusters to form the fimbriate 
margin 

Aimtheciis hypophylhs, scssilibuH, subglobosis, dein patellatis, mein- 
branaceo-camoRis,paliidebninneis,furfuraceis, 150-250// diam , 40-50//altis; 
hymenio subhyaliiio; ascis clavatia, oetospons, 28 6-35 2X5-6//; spona 
cylindricis vel clavatis, hyalinis, umcellulanbua, guttulatis, 5-7X0.7--l/i; 

E araphysibus hyalinis, filiformibus, apice recurvatis; hypothecio teniii, 
yahiio; excipulo pscudoparenchyraatico, eellulis margincm versus clongatis. 
On leaves of Acer leucoderme, Bobbin Mill, Athena, Ga., Apr. 27, 1038, 
J. H. Miller (type); of Acer fiondanum, Savannah River, Elbert Co , Ga , 
May 2, 1938, J. H. Miller. 

Pyrenopeziza acens Nannf., which occurs on petioles of Acer in Europe, 
is a different fungus, with a clypeus-hke covering and opening by a slit. A 
specimen of Desm. PI. Crypt. Fr. 1423, Issued as jSftc/ts airaia Desm , and 
cited by Nannfeldt, (5, p 141) has been studied. 
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Superficially this fungus on Acer leucoderme resembles an exsiccati speci¬ 
men of Jaap, Fungi seleeti cxs. 556, issued as Drepanopeztza campesiris 
(Rchm) Jaap, but differs in smaller asci and spores. It is possible that the 
Georgia fungus may belong to the genus Drepanopeziza, The two most 
essential characters of that genus, however, according to v Hochnel (3, 
p. 332) arc the Gloeosponum ronidial stage and the obconic (“kreiselforinig”) 
form of the apothecia, which have a narrow stem-hke base de(‘ply embedded 
in the tissues of the leaf. Since no Gloeosportum stage has so far been found 
in association with tins discomyccte, and the apothecia, even when young, 
are consistently subglobose, none showing the obconic or top-shaped form 
charactenstic of Drepanopeziza, it is provisionally placed in Pyrenopeziza, 
8. lonomidotis fulvo-tingens (B. & C ) n. comb. 

Cenangxum Julvo-itnge^nH B & C , Grev. 4:4 1875 

On wood of Quercus alba, Hulmc Farm, Wmterville, Ga , Mar. 26, 1938, 
J. H. Miller and G. Thompson. 

The description of Cenangtum fulvo-tingens B & C was based on a col¬ 
lection made by Michcncr in Pennsylvania, on dry wood of an unidentified 
host One of the two sjKicimens in the Michener Collection in Washington is 
labeled as on Comus, in the other the host is not recorded Both w(»ro col¬ 
lected in Chester Co , Pa , presumably by Michener, and a portion of at 
least one was examined by Curtis A specimen of the same fungus, collected 
on bark of dead maple in Pennsylvania and examined by the writer, has 
recently been described by Overholts (6, p. 274), Both this Pennsylvania 
collection and that from Georgia appear to be specifically identical with the 
authentic specimens m the Michener Collection. 

All of the species of Durand's genus lonomxdoits (2) are described ns 
having a violet color reaction with KOH. Since the KOH reaction in all of 
the specimens of Cenangtum fulvo-ixtigens examined is tawny or russet 
(Ridgway) rather than violet, a reference to this fungus to Durand's genus 
was at first not considered possible, in spite of its similarity in many respects 
to that genus. However examination of two species of lonomxdoits indicates 
that the violet color reaction with KOH is not constant. An authentic sjieci- 
m(‘ii of lonomidoiiH ohvascens Durand from the typo locality, received 
through the courtesy of Dr. D H. Linder, of the Farlow Herbarium, was 
found to show the same re<ldiHh brown color as Cenangtum fulvo-ttngens, 
wlien a portion of the apothecium was macerated in a solution of KOH, 
although Durand (2, p. 12) described it as ‘‘deep violet." Two specimens of 
lonomxdoits xrregularxs (Schw.) Durand were also twted in the some strength 
KOH solution. In a dried specimen from Boss Luke, Michigan, July 21, 
1037, A. H Smith 7630, received from the University of Michigan Her¬ 
barium, the color was deep vioh't, as described by Durand. A fresh collection 
from Port Republic, Md., K.D. Doak, Sept. 1938, gave a reddish brown 
reaction, although a microscopic mount in KOH showed a slight violet 
tinge. This variation in color reaction can not therefore be attributed to the 
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length of time material has been kept, and further study will be required for 
its explanation. 

Since Cefnangium fulvo-ltngens B. & C. shows the same reddish brown 
KOn reaction as some species of lonomtdohs and also agrees in its other 
essential characters, it may be considered to belong to that genus, if the 
generic concept is broadened to include species having a reddish-brown as 
well 08 a violet KOH reaction. Of the species listed by Durand, it is closest 
to 7. oltvascens, but differs from the latter in the smaller spores. The ajiothe- 
cia are described by Berkeley and Curtis as externally brownish-pulveru¬ 
lent; the specimens in the Michencr Collection fail to show this character, 
which is moat noticeable in the Pennsylvania collection made by Dr. 
Overholts. 
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ICHTHYOLOGY.— Twenty one new American gobies} Isaac Gins- 
DURG, U. S. Bureau of Fisheries. (Communicated by Elmer 
Higgins.) 

New species of gobiid hshes discovered as a result of an investiga¬ 
tion of the American members of this diilicult family carried out by 
me for the last few years, on and off, arc here described. The following 
accounts consist chiefly of brief preliminary diagnoses. However, I 
revised the genera to which they belong, in manuscript, and the 
diagnoses state their most essential or key characters which are 
sufficient to distinguish the species, but of course, they are not ade¬ 
quate for a full understanding of their relationship to all the species 
within their respective genera. Especially important characters left 
out of these preliminary accounts refer to the lateral line organs. 
These structures have liitherto been neglected in accounts of Ameri¬ 
can gobies; but they are of unusual scientific interest, and of great 
importance m the classification of gobies, especially in the delimita¬ 
tion of the genera and subgencra. However, it would perhaps be more 

^ Published by permission of the U S Commissioner of Fisheries Received 
Deoember 0, 1938. 
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confusing than illuminating to describe these structures in frag¬ 
mentary form and without illustrations. They will be considered later 
at some length and in systematic manner for all American gobies. 
Fuller accounts and a discussion of the relationship of the species 
will also be given in the generic revisions. 

Special mention is made here of two very valuable collections 
which contributed the majority of the newly discovered species. One 
is a small but very important collection obtained by the Pawnee, of 
the Bingham Oceanographic Foundation, during 1925 and 1926, and 
submitted to me for study through the generosity of Professor Albert 
E. Parr. This collection, from the Atlantic and Pacifac, contained 
eight new species, three of which I (1938, pp. 114, 119 and 120) have 
already described, while the other five are described here. 

The other one is that obtained by Dr. Samuel F. Hildebrand in 
Panama as a result of and in connection with his study of the fauna 
of the locks of the Panama Canal during 1935 and 1937, at the time 
the locks were drained. This collection which Doctor Hildebrand 
very generously turned over to me for study, included seven unde¬ 
scribed species, one of which I (1938, p. 112) already described, and 
the other six are included here. This collection shows two things: first, 
the wealth of the gobiid fauna of the Isthmus of Panama, a region 
that has been comparatively well worked before, both in the num¬ 
ber of species and their abundance; second, the industry, persever¬ 
ance and ingenuity of Doctor Hildebrand in obtaining such an un¬ 
usual collection. A large part of his success was due to the assiduous 
salvage of representative fishes left after the locks were drained, 
having obtained five new species then. However, the value of the col¬ 
lection is not to be gauged only by the new species discovered. The 
material obtained enabled me also to distinguish more accurately 
and draw up more adequate accounts of previously established species 
in my revisions of their genera. Doctor Hildebrand permits me to 
state that an important factor in his marked success was the use of 
poison in proper places in tide pools, chiefly those having a muddy or 
partly muddy bottom. 

The numerical value of a given measurement is always expressed 
as a percentage of the standard length. The length of a specimen re¬ 
corded refers to the total length, including the caudal fin, unless 
otherwise specified. 

Lophogobius crlstulatus, n. sp. 

Nuchal crest low. Anterior boundary of scaled area on antedoraal extent 
in a nearly straight transverse line only a little behind eye. Depth 29, 
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caudal 27.5, ventral 27, pectoral 25. D. 10, A. 9, P. 19, C. 15 (branched rays) 

Holotype, —U. 8. N. M. 107294. Pacific coast of Panama; S, F. Hilde¬ 
brand. Male 74 mm. The original label was lost. It was probably collected 
on Farfan Beach near Balboa. 

This appears to be the first record of a Lopkogobtus from the Pacific coast 
of America. The specimen examined represents a species distinct from the 
common L. cypnnotdes of the Atlantic, differing in liaving the nuchal crciit 
strikingly lower, and the antedorsal distance completely covered with scales, 
except for a narrow transverse area behind tha eye The jiroporlions of the 
depth and fins of the single specimen examined have lower numerical values 
than specimens of cypnnotdca of similar size. The caudal has 15 branched 
ra 3 rB, while in 65 specimens of cyprxnoideH counted, only 2 had 15 rays, the 
preponderant majority having 14. 

Lythiypnus heterochroma, n sp, 

D. 10, A. 9, P. 15. Scales vciy large, 22, the anterior most ones situated 
on a vertical through base of third dorsal spine. Six transverse bands under 
first dorsal, two longitudinal bands on posterior part of body. 

Holotype —Bingham Oceanographic Collection 375. Glover Reef, off the 
coast of Yucatan, Mexico. Male 22 mm. 

Of all the known American gobies this species is structurally nearest to 
{Gohtus) LythrypnuH motvbrayt (Bean), but the two species are probably of 
comparatively remote relationship, their divergence being of at least sub¬ 
generic magnitude. This question will be considered at some future time. 
It will suffice to state here that heterochroma differs from mowbrayt in having 
larger scales. It further differs from mowbrayt, as well as from all known 
American gobies, in having a fairly well marked diphasic color pattern, 
transversely banded anteriorly, longitudinally banded posteriorly 

Lythrypnus dalli (Gilbert) 

Restriction of the naine doUi —Having revised the genus Lythrypnus it be¬ 
came apparent that the gobies hitherto designated as daUi in the literature, 
including Gilbert's original material, belong to at least two species. Gilbert 
did not designate a holotype, and it becomes necessary to definitely restrict 
the appheation of the name dallt in order to supply both species with names. 

I examined five specimens of what appears to be Gilbert's original ma¬ 
terial, two m the Bureau of Fisheries and three in the National Museum, 
labeled Gobius dallt. All five specimens are in bad condition. They arc faded 
and the fins are broken, while the color and the relative lei^th of the spines 
and rays are, in general, of importance in properly distingui^mg the 8peci(a 
of LyOirypnus. They are thus poorly adapted for study in distinguishing 
species;,but our final decision regarding the status of the name dMt must 
be based on their study, and the pertinent characters that may bo deciphered 
are stated. 

The two specimens in the Bureau of Fisheries, from Albatross station 3001, 
are in worst condition. They are entirely faded and the fin rays cannot be 
counted with assurance. As near as I can determine, the counts are D. 16, 
A. 13. They apparently belong to dalli as here restricted. 
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The three specimens in the National Museum are in two jars, having 
different museum numbers, but both bearing the red type label. Jar 48265 
contains two specimens, from Albatross station 3001 in the Gulf of Cali¬ 
fornia, 14 and 17 mm in standard length, having D. 16, A. 13, P. 18, and D. 
18, A, 14, P. 18, re-spectively Traces left of the cross tonds are of approxi¬ 
mately the same width as in 18 other specimens examined, m good condition, 
also from the Gulf of California, that will be described in a revision of the 
genus. Those two specimens are apparently conspecific with the other 18, 
and the smaller one is here formally designated as the lectotype. 

Jar 41974 contains one specimen, from Catalina Island, 27 rnru in standard 
length, having D. 18, A 15, P. 19. In the fin ray counts it more nearly 
agrees with the following speeies, laltfoHCia. Traces left of the bands are 
appreciably narrower than in the two more recently preserved specimens of 
tatifascia examined, and are more nearly like in dailt as here restricted, but 
their narrow appearance is probably duo to fading. Very probably this speci¬ 
men is an example of laiifaacia, unless still another closely related species 
exists at Catalina Island. 

Lectotype. —U. S. N. M. 107287. Gulf of California, Albatross station 3001, 
lat. 24® 55' 15", long. 110® 39'; 33 fathoms; March 16,1889; 14 mm in stand¬ 
ard length. 

LythrypnuB latifascla, n. sp, 

D. 18, A. 14-15, P. 18-19. Tip of longest dorsal spine reaching base of 
sixth dorsal in female. Dark cross bands wide 

Holotype. —U. 8. N M. 107282. Fishermen^s Cove, Catalina Island, Cali¬ 
fornia; Vernon Brock; June 26, 1935; female 22 mm in standard length. 

This species differs from dailt, as restricted above, in having strikingly 
wider cross bands Color differences in the genus Lythrypnus, in general, 
arc so striking and fairly constant, tliat they must be considered as of specific 
importance, on a par with structural differences in other genera, as I will 
discuss fully in the revision of the genus Judged by the two specimens ex¬ 
amined, Ifitifascia has average higher counts of the fin rays, and the spines 
in the female at least, are longer than in dalli 

Lythrypaus crinitus, n. sp. 

D. 17, A. 13, P 19 Longest dorsal spine reaching end of second dorsal 
in male Cross bands on body obsolescent, only very feeble traces of such 
bands diseemible. 

Holotype —U. S. N. M. 107281. Albemarle Island, Galapagos Archi¬ 
pelago; 32 fathoms; W. L. Schmitt; January 25, 1934; male 30 mm. 

Tliis species fairly well agrees in its important structural characters with 
dalli; the differences in the specimens examined are of a minor nature. It 
differs from daUt chiefly in color, lacking the striking cross bands present in 
that species. It is a markedly pale species, unlike all its congeners which have 
the color pattern stnkingly developed and beautiful. 

Microgobius emblematlcus (Jordan and Gilbert) 

Refttndion of the name emblemaitcus. —Before the following species may 
be supplied with a name, it becomes necessary to definitely restrict the use 
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of the older name etfibUnuUicu^. The types on which that name has been 
based appear to have been lost, while the original description is more or 
less applicable to three distinct species that occur in the type locality. It is 
very probable that the authors of emhUntaitem had a mixture of the three 
species, since all three are common and they failed to take proper account 
of their distin^ishing characters. 

The paper in whi(m emblemaiicu% was e^^tablishod (Jordan and Gilbert, 
1882, p. 330) consists of descriptions of the new species contained in a collec¬ 
tion made for the National Museum, and the types presumably should 
have been deposited in that museum. However, they are not present on the 
shelves and no record was found in the register or card catalog of the museum 
to indicate that the types ever reached there. Furthermore, in the paper 
referred to, the authors give museum numbers for all the other species de¬ 
scribed there, with the sole exception of ertiblemaiicus It seems apparent, 
therefore, that the types were lost, and failed to reach the museum. They arc 
probably not now in existence, and we must rely entirely on the authors' 
account to determine the status of the name emhlemaltcua. 

Outside of the description of life colors which I have no means of checking 
at pre^ient, the only pertinent statements in the onginal description that 
may throw some light on the question as to which species the authors had, 
are as follows: ^'Dorsal spines very slender and weak, some of the middle 
ones usually prolonged, sometimes nearly reaching to base of caudal, some¬ 
times little elevated . D. VII-16; A. 17.^' The words ''sometimes reaching 
nearly to base of caudal” shows that the authors had some specimens at 
least of that spef*ies to which the name emhUmoixeus is here restricted; the 
rest of the above quoted statement refers to females of the same species and 
equally as well to the species described below as bretnspxnta or to Af. iabtr 
genaiB Meek and Hildebrand (1928, p 873). The count of the second dorsal 
refers only to enMemaixeua^ as here restnetc^, according to my determination 
of the frequency distributions of the three species. The anal count refers 
to the same species and to tabogensis as well, but not to6rm8pim«. However, 
the differences between the predominant numbers of the two counts among 
the three species is only one ray, and hence the counts are not of decisive 
importance in this connection. It may be concluded then that the original 
account was based certainly on some specimens of emblematicus as restricted 
below, and quite probably also on specimens of one or both the other species. 
The question now is whether later authors restricted the use of the name 
emblematicua. 

That name was used in connection with actual specimens in two later 
works. Gilbert and Starks (1904, p, 174) had specimens of at least two of 
the species which they recorded under the one name, emblemahctia. 1 ex¬ 
amine a lot of only 6 of their specimens and found it to consist of a mixture 
of two species. Consequently, they cannot be said to have restricted the use 
of that name. The next authors who treated of the species concerned are 
Meek and Hildebrand (1928, pp. 871-874), They definitely distin^ished 
tabogensis. Furthermore, I examined part of their material which they in¬ 
clude under their account of emblemaiicuSf the part deposited in the Na¬ 
tional Museum, and find that all those specimens belong to that species 
here described as bretvspxnia. Nevertheless, it cannot be said that these 
authors thus restricted the use of the name emUematic^a to that species. 
They did not state so definitely and they apparently did not suspect that 
the name emblemaitcxis was possibly basra on more than one sjpccies. 

Since this was not done by previous authors, the name embUtnoixeua is 
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herewith restricted by the formal derivation of a neotype. Aa here re¬ 
stricted, enMematictta differs from breviapinU chiefly in the extent of the 
squamation, the number of fin rays, and the relative length of the dorsal 
spines and ventral fin of the male. M. ktbogenats differs from both chiefly 
in having a patch of modified, ctenoid scales at some distance behind the 
base of the pectoral fin. The restriction as made seems to be best on a con¬ 
sideration of all the points involved. It saves Meek and Hildebrand’s foho- 
aensis as a valid name, and we know for certain that the original authors 
had some specimens of the species to which the name is restricted. The name 
embUmaitcua itself applies to the species restricted more than to the other 
two. 

Neotype. —Stanford University Collection 33208. Panama Bay; C. H. 
Gilbert; male 30 mm in standard length. 

Mlctogobius brevispinisi n. sp. 

Mouth oblique, end of maxillary falling under middle of eye to under pos¬ 
terior margin of pupil. Scales 62-72, all cycloid; bare area on back under 
first dorsal comparatively restricted. Predors^ fold moderate. Tip of longest 
spine reaching base of second to fourth ray in male, a little short of origin 
of second dorsal in female. D. 17-18, A 1^19, P. 21^-23. Ventral approxi¬ 
mately reaching origin of anal in male, falling considerably short in female. 
A spot or band below first dorsal absent or very faint. 

Hd<Aype —U, 8 N. M. 81842. Balboa, Panama; in tide pools; Meek and 
Hildebrand; February 7, 1912; male 42 mm in standard length. 

This species is nearest to ewbUmaixeuB as restricted above whore their 
distinguishing characters are indicated. 

Mlcrogobiua curtus, n. sp. 

Mouth moderately oblique, end of maxillary under middle of eye or a little 
short of that point. Scales 62-70, cycloid, except a small patch iA rather 
weakly spinuliferous scales at middle of body under first dorsal; bare area 
on back under first dorsal moderate. Predorsal fold very low to nearly 
obsoleHccnt. Tip of longest spine reaching base of eighth to fifteenth ray. D. 

16, A. 16, P. 21-22. 

Holotype, —U. S. N. M. 107292. Salada, Guayaquil, Ecuador; in man¬ 
grove swamp; October 1-2, 1926; W. L. Schmitt; male 30 mm in standard 
length. 

Structurally this species is nearest to M. iabogenais Meek and Hilde¬ 
brand. It differs in having smaller scales, fewer fin rays, and longer spines 
in the female especially. 

Parrella macropteiyx, n. sp. 

Scales about 28-29, present on antedorsal distance. Maxillaiy rather long, 
its posterior end on a vertical at some distance behind eye in laige male. 
Tip of longest spine reaching base of tenth ray. D. 13, A 12. P. 16-18. 
Pectoral unusually long, its tip reaching to under base of seventh or eighth 
dorsal ray. Head subterete, interorbital narrow. Pectoral 44-46, caudal 60, 
depth 18.6-19.5, depth of caudal peduncle 11-11.5, maxillary in male 15.6- 

17. A series of five diffuse blotches on body. 

Hclotype. —Bin^am Oceanographic Collection 1688. Siguanea Bay, Isle 
of Pines, Cuba; taken by the Pawnee with a trawl; April6,1925; male 55 mm. 
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This species differs from ParreUa moxtUariB, the only other known species 
of its genus, in having scales on the antedorsal area, a shorter maxillary, 
more numerous rays in dorsal and anal, fewer pectoral rays, a longer pec¬ 
toral and caudal, longer dorsal spines, and having the body not as slender. 
It may be distinguished from all known American gobies by its extremely 
long pectoral. 

ParreUa BpUopteryx, n. sp. 

Scales 34, present on antedorsal distance. End of maxillary under middle 
of eye in male. Tip of longest dorsal spine falling short of origin of second 
dorsal. D. 12, A 12, P. 21. Pectoral o( moderate length reaching a vertical 
throu^ base of third dorsal ray. Head somewhat depressed; intcrorbital 
wide. Pectoral 31.5, caudal 42.5, depth 21.5, depth of caudal peduncle 10 5, 
maxillary 12. Body with four, diffuse, rather wide cross bands; a black spot 
on base of pectoral near its upper margin. 

Holotype. —U. S. N. M. 107293. Miraflores Locks, Panama Canal; upper 
chamber, east side; S. F. Hildebrand; Apnl 28, 1937; male 74 mm, the only 
specimen examined. 

This species is evidently widely divergent from both P. maxiUana and 
P. macTOpieryx, It differs from both in having a notably shorter maxillary, 
depressed head and wide intcrorbital. 

ParreUa fusca, n. sp. 

Scales about 38, present on antedorsal distance. Maxillary ending under 
middle of eye. Tip of longest dorsal spine failing to reach origin of second 
dorsal. D. 13, A. 13. P. 20. Head depressed, intcrorbital rather wide. 
Caudal 38.5, depth 20, depth of caudal peduncle 8, maxillary 10. Color nearly 
uniform, dark brown, sh^cd with lighter color. 

HoUAype, —U. 8. N. M. 107295. Miraflores Locks, Panama Canal, lower 
chamber; 8. F. Hildebrand; March, 1937; female 42 mm, the only specimen 
examined 

This species is nearest structurally to spilopteryx, but is evidently widely 
divergent from it. They diverge chiefly in the lateral line organs. Without 
considering the lateral line organs for the present, the two species are sepa¬ 
rable by their color, and by fttsea having a more slender caudal peduncle and 
more numerous dorsal and anal rajrs. 

The three new species of ParreUa here described, together with the 
hitherto only known genotype, constitute a rather heterogeneous group. 
However, although the four species arc rather widely divergent, they are 
apparently nearer to one another than any one of them is to other gobies, 
and they are properly grouped in one genus. Furthermore, the genus Parr¬ 
eUa as now constituted bridges the gap, in some important respects, be¬ 
tween Microgebtua and BoUmannta, A full discussion of the proper boun¬ 
daries of these three genera, and their relationship, involves a consideration 
of the relationship of the contained species, respectively, and would take 
up too much space. This discussion is reserved for a later paper. 
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Bollmannia chlamydea Jordan 

Reatnciton of the name chlamydes —It is necessary to definitely restrict the 
application of the name chlamydeSf because Jordan's account is based on at 
least two species, possibly more. Most of Jordan’s specimens, judged by the 
material now preserved in the National Museum, belonged to cAfamydes, as 
restricted below. The number of fin ra^ given in the orimnal description 
refers to this species; but the color description is undoubtedly based in part 
on the following species, umbrosa^ and at least one of the six specimens 
on which I base that species have been separated from presumably Jordan’s 
original material. These two species are very markedly distinct, and a study 
of their lateral lino organs shows that the divergence between them is of 
Bubgeneric magnitude. In spite of their wide divergence, specimens of both 
species were included in the original description of chlamydes. Jordan also 
states: ^'Middle caudal rays very long, somewhat more than half length of 
body.” This statement agrees and nearly agrees with the two species 
here described as longiptnnia and paumcea, respectively. The caudal in the 
specimens examined of chlamydeSf as here restricted, is broken. In one speci¬ 
men in which it appears to be nearly entire, it is about one-third the stand¬ 
ard length Since the caudal length is of specific importance among the 
species of BoUmannta, it is very possible that one or two still other species 
were included in the original account of chlamydea 

The question now comes up, did Jordan restrict his species by designating 
a particular specimen as the type? Seemingly he did so, since the ori^nal 
description states the type to be U 8. N. M. 41168, and its length is given 
as 4f inches. However, the type specimen cannot now be identified with 
certainty, as follows. 

II. 8 N. M 4115H, presumably the type, is entered on the register as 
having been obtained at Albatross station 2804, whereas only two stations 
arc mentioned in the original description, 2800 and 2805. Furthermore, jar 
41158 now contains two Hpccimons (belonging to two distinct species), wmle 
Jordan definitely designated a single specimen as the type and stated its 
length in the original desenption. To add further to the tangle it is to be 
noted that numbers 41142, 41234, 41461 and 41486 were ako entered in 
the museum register as being the “type” of the species. Number 41168 now 
bears the red type label but it was probably attached at some later time, 
since numbers 41142 and 41489 containing a single specimen each, formerly 
bore red labels which are now placed within the jars. It is apparent, there¬ 
fore, that some error has been committed. Either the museum number or 
the Albatross station numbers as given in the onginal description are er¬ 
roneous. It is also possible that the type specimen after having been studied 
was never set aside definitely or that it was later mixed with other specimens. 

In view of these uncertainties and the necessity of definitely restricting 
the name chlamydea, one out of three specimens in U. 8. N. M. 41234, from 
Albatross station 2800, is hereby designated as the lectot}rpe. The lot of 
three specimens was originally entered on the register as “types.” Of the 
two specimens in 41158, the larger one, a female 82 mm in standard length, 
also l^longs to this species (the smaller one now designated as U. S. N. M. 
107288 is an umbroaa). Consequently the present restriction of ctUamydea 
will stand even if we assume that 41158 is the true type. 

LecMype. —U. 8. N. M. 93825. Panama Bay; Albatross station 2800, lat. 
8 ** 51', long. 79*’ 31' 30”; 7 fathoms; March 30,1888; male 75 mm in standard 
length. 
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BoUmannla umbrosa, n. sp. 

Dorsal and anal rays usually 13 and 14, respectively, sometimes 12 and 
13, respectively. Pector^ rays 24-26. A lengthwise row of large scales at 
lower margin of cheek in addition to other scales; approximately upper 
third of opercle covered Bath 3 or 4 rather large scales. Tip of longest dorsal 
spine reaching base of third to fifth ray in large females. Head 30^2, eye 
8.5-9, depth of caudal peduncle 19-11. Body with 8-10 faint cross bands; 
first dorsm with a black blotch; upper lip with a black marginal band. 

Holoiype. —U. S. N, M. 107290. Panama Bay; Albatross station 2804, lat. 
8 ® 16' 30", long. 79® 37' 45"; 47 fathoms; March 30, 1888; male 70 mm in 
standard length. Removed from U. S. N. M. 41395, contaimng in addition 
4 specimens of R. chlamydea as restricted above. 

This species is closely related to B, macTopoma Gilbert, differing in having 
a smaller eye, somewhat deeper caudal pc^duncle, somewhat longer dorsal 
spines, and more numerous cross bars on the body. 

BoUmannia marginalis, n. sp 

D. 14-16, A. 14-15, P. 24-25. Row of scales at lower margin of cheek 
absent; upper third of opercle covered with largo scales. Tip of longest 
dorsal spine in male reaching to middle of second dorsal base and as far aa 
middle of caudal peduncle. Head 27.5-28.5, caudal 36.6-39, eye 8.5-9.5, 
depth of caudal peduncle 9.5-11. Body with a median row of five black 
blotches; first dorsal with a black spot at its margin; no black band on upper 
lip. 

Holoiym .—U S. N. M. 107284. Solango Island, Ecuador; 12 fathoms; 
W. L. Scnmitt; January 18, 1935, male 56 mm. 

Judged by the lateral line organs this species is nearest to B. hiura from 
the Atlantic, differing strikingly in having more numerous fin rays, a shorter 
head and caudal, a smaller eye, and a more slender caudal peduncle. The 
combination of a short caudal and long dorsal spines is distinctive. It differs 
from all its congeners in having the dorsal spot located at the margin of the 
fin 

BoUmannia ocellata Gilbert 

Retinclxim of the name ocellata .—^The National Museum does not have 
any specimen or a jar of specimens of ocellata, which is labeled as the tjrpe, 
and there is no record of such a type ever having been present. Apparently 
no t 3 rpe of this species has ever been set aside. From Gilbert’s original de¬ 
scription one gathera that most of his specimens had comparatively long 
spines while some had rather short ones. In my revision of the genus I have 
distinguished in manuscript three closely related species from the Gulf of 
California, which differ, in part, according to the length of the spines, and 
it seems p^ble that Gilbert included two or all three of these spiles under 
his account of oedlata. At any rate, the original account applies to a mixture 
of these three species. It therefore becomes necessary, in order to supply all 
three species with names, to restrict the name ocellata to one of these species 
and designate a lectotype, The original description was based on ‘’numerous 
specimens” from Albatross stations 3031 and 3035. The National Museum 
now has but three lots of specimens labeled “BoUmannia ocellata,” only one 
of the lots, U. S. N. M. 46096, from the type localitiesi^ from station 3031. 
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No other specimens from the two original stations are present in either the 
Bureau of Fisheries or the National Museum. I am, therefore, constrained 
to restrict occUoia to this lot and designate one of the specimens as the lecto- 
type, although the specimens arc not in good condition and most of Gilbert's 
specimens possibly did not belong to this species. Strictly si^aking the speci¬ 
men selected may not be a lectotype, since it is not certain that the lot of 
specimens under consideration were examined by QUbert when he estab¬ 
lished his oceUata. If this lot was not included in Gilbert’s original material, 
such material may not be in existence now, and the specimen here selected 
is properly a noot\^. Whatever the type is to be called, the name ocellata 
is herewith formally restricted to the species represented by the type selected. 

Lectotype. —U. S. N. M. 107286. Off Bay Adair. Gulf of California; Alba¬ 
tross station 3031; lat. 31° 6' 46", long. 114° 28^ 16"; 33 fathoms; March 
27, 1889; female 76 mm. Removed from U. 8. N. M. 46695 containing 7 
other specimens of the same species. 

Bollmannia pawneea, n. sp. 

Dorsal and anal rays usually 14, sometimes 13. Pectoral rays 23-26. Row 
of scales at lower margin of cheek absent; opcrclc with 4 or 5 large scales 
almost entirely covering upper half. Tip of longest dorsal spines in male 
reachmg a point between base of twelfth ray and middle of caudal peduncle. 
Head 29-32, caudal 37-43, depth of caudal peduncle 11-13. First dorsal 
with a black spot, no other distinctive color marks on head and body. 

Holoiype, —Bingham Oceanographic Collection 1689. Perlas Islands, 
Panama Bay, lat. 8° 29' 40", long. 78° 62' 30"; 19-24 fathoms; collected by 
the Pawnee; March 31, 1926; female 03 mm. 

Specimens of this species were also exammed from the Gulf of California. 
This species is apparently near to oceUata as restricted above, differing in 
having longer dorsal spines and a deeper caudal peduncle. This species is 
especially characterised by a great profusion of cutaneous papillae. 

Bollmannia longipinnis, n. sp. 

D. 14, A. 14, P. 22-23. Row of scales at lower margin of cheek absent; 
opercle with 2 or 3 scales of moderate size at upper anterior comer. Tip of 
longest dorsal spine in male reaching beyond base of caudal, somewhat 
shorter in female. Head caudal 50-68, depth of caudal peduncle 11.5- 
12 5. First dorsal with a black spot, no other distinctive color marks on 
head and body. 

HoMype. —^Bingham Oceano^aphic Collection 1690. Angeles Bay, Gulf 
of California; collected by the Pawnee; May 13, 1926; male 127 mm. 

This is a well marked species, and is saliently characterized by the com¬ 
bination of excessively long spines, a long caudal, and a redact squama- 
tion on the opercle. Its nearest relatives seem to be pawneea and oeellaia. 


Riser minis, n. sp. 

D. 11, A. 9, P, 17. Ventral attaining origin of anal or slightly beyond. 
Maxillary ending under anterior margin of pupil. 

Hcioiype, —Bingham Oceanograpmc Collection 1691. Siguanea Bay, Isle 
of Pines, Cuba; trawl; collected by the Pawnee; April 0, 1W6; mole 22 mm. 
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This species differs from the two known species of its genus, R. binghami 
(Parr) and R. ruber (Rosen), by a combination of three characters, namely, 
having one or two rays leas in the dorsal, a longer ventral and a shorter 
maxillary. It further differs from binghami in having two mucous pores, 
instead of one, on the intcrorbital space. 

The peculiar and unusual structure of the head and especially that of 
the lips and dentition were originally used by me in establishing Riaor 
(1033, p. 56). At the time of its establishment I had only one specimen for 
study and Rtsor was therefore placed as a subgenus of Garmannta to which 
the speciea were assigned by previous authors, pending the study of more 
specimens in order to gain some knowledge in regard to the variability of 
these characters. I have now studied 6 more specimens. The striking char¬ 
acters on the basis of which Rtaor was originally established prove to be 
fairly constant and peculiar to the three species examined. Those char¬ 
acters indicate a very high degree of divergence, and Risor is, therefore, 
recognized as a distinct genus. 

Enypnlas aceras, n. sp. 

Scales 41-16, not embedded, those on posterior part of body and caudal 
peduncle ctenoid. No flaps on top of snout. Dorsal rays 14. Body with a 
cross-banded color pattern well or fairly marked; no well marked spot at 
base of pectoral. 

Holotype, —U. S. N. M. 107208. Miraflores Locks, Panama Canal, lower 
chamber; S. F. Hildebrand, March 1937; male 41 mm. 

It is an easy matter to distinguish this species from E, eeminudua (Gtin- 
ther), the ordy other known species of its genus, by the larger, non-cm- 
bedded, ctenoid scales, the absence of flaps on snout, and the banded color 
pattern. 

Gannannla hildebraxidl, n. sp. 

Scales 25-30, extending forward to a vertical approximately through origin 
of first dorsal; anterior bare area at dorsal and ventral profile extensive; 
usuallv 4 scales in caudal row, sometimes 5 or 6. First doisal spine pro¬ 
longed in male. D. 11, A. 10-11, P. 16-18. Head subterete. MaxilU^ ending 
under posterior margin of pupil in male, slightly short of that in female. 
Depth of caudal peduncle 13-15. Diffusely cross-banded color pattern. 

Holotype.~V. S. N. M. 107297. Gatun Locks, Panama Canal, upper 
chamber; S, F. Hildebrand; February 21, 1936; male 36 mm. 

Doctor Hildebrand obtained 25 other specimens with the type, and it is 
evidently a common species. This species is of much interest from the point 
of view of geographic distribution. In 1937 Doctor Hildebrand also obtained 
4 specimens in the Pedro Miguel Locks. This is the only gobiid that has been 
found so far on the Atlantic and Pacific sides of the Isthmus of Panama. 
But whether it existed on both sides before the canal was opened remains 
unknown. 

This species b near structurally to (Oobtus) Oarmannia chiguita (Jenkins 
and EiVermann), differing in the subterete head and in having the anterior 
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bare areas at the dorsal and ventral profiles more extensive. The scales in 
the caudal row are usually 4, instead of 6, and the number of pectoral rajrs is 
less, but there is a certain degree of intergradation in these characters. The 
most striking difference between them is found in the lateral line organs. 

I take pleasure in naming this common and interesting species after my 
colleague in the Bureau of Fisheries and its efficient collector, Dr. Samuel F. 
Hildebrand. 

Garmannia apilota, n. sp. 

Scales 29, extending to a vertical a little in front of origin of first dorsal, 
anterior bare area at dorsal and ventral profile moderate; 4 scales in caudal 
row. First spine not prolonged. D. 11, A. 10, P. 19. Head depressed. Maxil¬ 
lary ending under posterior margin of pupil. Depth of caudal peduncle 16.5. 
Body not banded, nearly uniformly colored, with a longitudinal median 
row of spots. 

Holotype. —U. S. N. M 81828. Colon, Panama; in tide pools; Meek and 
Hildebrand; March 12, 1912; male 24 mm. 

This species is nearest to ktldebrandi; differing in having a deeper caudal 
peduncle, more numerous pectoral rays, the bare areas in front less exten¬ 
sive and in color. 

Garmannia apes, n. sp. 

Scales extending forward to a point under base of second to fourth dorsal 
ray; two isolated, large, ctenoid scales, one behind the other, at a short 
distance behind base of pectoral, near midline. D. 11-12, A. 10, P. 16. Head 
depressed. Maxillary ending under middle of eye. Depth of caudal peduncle 
12. Body diffusely and very irregularly cross-banded. 

Holotype. —U. S. N. M. 107299. Drydock, Mt. Hope, Canal Zone; J. B. 
Shropshire; February 18, 1937; female 20 mm. 

This species seems to be most nearly related to G. paradoxa (QOnther), 
apparently being the Atlantic coast counterpart of that Pacific coast species. 
The extent of squamation is the same as in paradoxa and it has the two 
isolated scales behind the pectoral which is characteristic of that species. It 
differs in having fewer pectoral rays. 

Garmannia homochioma, n. sp. 

Scales 28-31, antcriormost scales on a vertical near base of pectoral; 
anterior bare areas moderate; usually 4 scales in caudal row, sometimes 5 
or 6. First dorsal spine in male not prolonged. D. 11-12. A. 10, P. 18^-20. 
A small barbule below anterior nostril. Head markedly depressed. Maxillary 
notably long, extending to a vertical behind eye in male. Depth of caudal 
peduncle 12.5-16. Body nearly uniformly and very moderately dusky, only 
very faint traces of cross bands when viewed from dorsal aspect. 

Holotype. —U. S. N. M. 107206. Pedro Miguel Locks, Panama Canal; 8. 
F. Hildebrand; February 20, 1937; male 25.6 mm in standard length. 

In addition to well marked differences in the lateral line organs, this 
species differs from all its other congeners, by the following combination of 
characters: the presence of a barbule, a very long maxillary, a notably de- 
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pressed head. On account of the very distinctive combination of all char¬ 
acters, its immediate relationship is not patent. Its nearest relatives are 
possibly ijnhta or chiquxUiy but the divergence is wide. 

Gaimtnnia pallens, n. sp. 

Scales 0-12, extend^ forward to a point under bases of sixth to eighth 
dorsal rays; 4 scales in caudal row. First spine of male prolonged. D. 11, 
A. 9, P. 15-16. Head compressed. End of maxillary in male reaching a point 
under posterior margin of eye. Light yellowish, crossed by 13-14 narrow, 
dark bands. 

Hcioiype, —U. S. N. M. 107327. Barahona Harbor, Santo Domingo; in 
2-4 feet; rocky bottom; John C. Armstrong; July 9, 1933; male 15 mm. 

This species is nearest to G, macrodon (Beebe and Tee-Van), differing in 
a notably greater extent of squamation, fewer fin rays, and a paler color. 

Gobulus myerai, n. sp. 

D. 11, A. 10, P. 15. Head 30.5. depth of head 14, depth 18, depth of caudal 
peduncle 10.6. Ventral aspect aarker than dorsal aspect. 

Holoiype, —U. S. N. M. 107283. Gulf of Mexico, off Cape Sable; Albatross 
station 2374, lat. 29° 11' 30", long, 85** 20'; 26 fathoms; February 7, 1885; 
male 27 mm. 

This is the first species of its genus now to be made known from the east 
coast. It is evidently nearest to G. crescentalia (Gilbert), from the Gulf of 
California, differing in having a deeper body and head, and one or two fewer 
rays in the pectoral. 

It is a pleasure to name this species after Professor George S. Myers of 
Stanford University, who discovered and salvaged the type from a lot of 
neglected, unidentified, miscellaneous material while he was in charge of the 
Division of Fishes in the National Museum. 
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genetic trematodes and deals only with the family Capsalidae; it 
also completes the general consideration of the suborder Monopistho- 
cotylea Odhner. The organization and purpose of this paper are the 
same as for parts 1 and II (Price 1937, 1038). 

Family CAPSALIDAE Baird, 1853 

Synonyms .—Fhyllinidae Johnston, 1846; Tristomidoe Cobbold, 1877; 
Tristomatidae Gamble, 1896; Encotyllabidae Monticelli, 1888. 

Diagnosis. —Body elliptical, oval or cordate, flattened. Cuticula smooth 
or provided with papilliform projections, sometimes with spines along 
lateral margins of dorsal surface. Anterior portion of body constricted, 
forming a cephalic lobe. Anterior haptors in form of a pair of suckers, or of 
glandular areas, or both. Posterior haptor disc-like or sucker-like, armed with 
1 to 3 pairs of large hooks and 14 marginal booklets. Oral aperture ventral, 
never surrounded by an oral sucker; pharynx well developed; intestine 
usually with median and lateral dendritic diverticula. Special sense organs 
consisting of a pair of papillae at anterior margin of cephalic lobe and of 2 
pairs of eyes. Excretoi^ apertures dorso-Iateral, at or near level of pharynx. 
Male and female genital apertures separate, or opening into a common 
genital atrium^ usually lateral. Testes 2 or more. Ovary median, pre- 
testicular. Vagina present or absent. 

Type genus.—Capsala Bose, 1811. 


KEY TO SUBFAlflLIEB OF CAFBAUDAB 


1. Posterior haptor with septa 

Posterior haptor without septa 

2. Two testes 

Numerous testes 

3. Two testes 

Numerous testes 


... .2 
... 3 

Trochopinae Price 
Capaalinae Johnston 
Bencdeniinae Johnston 
Nitzschiinae Johnston 


Subfamily DENEDENIINAE Johnston, 1631 

Synonyms .—Encotyllabinae Monticelli, 1892; Anc 3 rrocotylinae Monti- 
celb, 16(!^. 

Diagnosis .—Anterior haptors in form of suckers or glandular areas, or 
both; posterior haptor sucker-like, subsessile or pedunculated, without 
septa, armed with 2 to 3 pairs of hooks and 14 marginal booklets. Testes 2 
or, rarely, 1. Ovary entire. Vagi^ present or absent. 

Type genus.—Benedenia Diesing, 1858. 


KEY TO QENEBA OF BBNBDENIINAE 

1. Lateral margins of body inrollcd ventrally . .. .EncotyUabeDieeing 

Lateral margins of body not inrollcd ventrally .2 

2. Intestinal tract consisting of simple unbranched ceca. 

. Aneyroeotyle Parona and Monticelli 

Intestinal tract consisting of ceca with dendritic lateral and median 
branches.3 

3. Anterior haptors consisting of glandular areas only. EnttAdeUa Blainville 








Fkb. 15, 1039 


prick: TRK11ATODE8 


65 


Anterior haptors consisting of suckers, or of both glandular areas and 

suckers. . . . . . . . 4 

4. Anterior haptors consisting of suckers . Benedema Diesing 

Anterior haptors consisting of both suckers and glandular areas.... 
. .. Pseudobenedenia Johnston 

Genus Benedbnu Diesing, 1858 

Synonyms. — EptbdeUa Benedcn, 1866, in part; Phylltne Oken, 1815, not 
Abildgaard, 1790, in part; Trtstoma Cuvier, 1817, in part. 

Dtagnosis. —Anterior haptors in form of suckers or sucker-like discs; pos¬ 
terior haptor sucker-like, without septa, armed with 3 pairs of dissimilar 
hooks and 14 marginal booklets. Testes 2, with zones coinciding and fields 
separate or touching. Vas deferens usually not forming preovarial loop 
Ovary immediately pretcsticular, not separated from testes by wide band 
of vitelline follicles. Vagina present or absent. 

Type species — Benedema elegans Diesmg, 1858 (=EptbdeUa setaenae 
Beneden, 1856, renamed). 

Johnston (1029) proposed a division of the genus Benedema into 3 sub¬ 
genera, Benedema^ Parabenedema and BenedemeUa^ but since *‘the position 
of the vaginal aperture in relation to the common genital duct" is the only 
character given on which these subgenera are based, the writer feels that this 
division is unwarranted. 

The genus Benedema contains the following species: Benedenia adenea 
Meservo, 1938 (syn. B. anadenea Meserve, 1038), from Myckroperea sp , 
B. eonvoluia (Yamaguti, 1937), n. comb., from Epinephelns akaara, B. 
derzhavini (Layman, 1930), from Sebasiodes schkgehi; B. eptnepheh (Yama¬ 
guti, 1937), from EptnepMus akaara; B. hendorffii (Linstow, 1889), from 
Coryphaena htppurus; B. tshtkawae (Goto, 1894), from Leihnnus sp.; B. 
tsabeuae Meservo, 1938, from“grouper-hke fish"; B. macrocolpa (LOhe, 1906), 
from Rhtnopkra javamca; B. madat (Ishii and Sawada, 1938), n. comb, 
from Pagrosomus major, B. meUem (MacCallum, 1927), from Spherotdea 
annukUus, etc.; B. mueUen (Meserve, 1938), n. comb., from Craltnus agasst- 
ztt; B. moniteeUtt (Parona and Perugia, 1895),* from Mugtl auratus; B. 
ovala (Goto, 1894), from Anthias schlegehi; B. pacifica (Guberlct, 1936), n. 
comb., from Aetobatus caltfomtcus; B. pagrosomx (Ishii and Sawada, 1^8), 
n. comb., from Pagrosomus major, B. setaenae (Benedcn, 1856), from iSctoena 
aquiUa; B. sebasuiixs (Yamaguti, 1934), from Sebasiodes tnermts; B. sertolae 
(Yamaguti, 1934), from Sebasiodes aureovtUaia, and B. sektt (Yamaguti, 
1937), from Pagrosomus umcolor. Of these species, only B. adenea, B, ken-- 
dorjfii, B. tsabeUae, B. meUem, and B. pacifica are known from North 
America. 

Benedenia adenea Meserve, 1038 

Synonym.—Benedema anadenea Meserve, 1938. 

This species was described by Meserve (1938) from specimens collected 

* Benedenia monOeeUit, as deiicribed by Parona and Perugia (1896). la unrecogniz¬ 
able; the deaoriptlon is little more than generic and the measurements, especially 
those of the organa and hooks, obviously erroneous These authors stated that only tsro 
pairs of haptoral hooks were present, out if this be true, It is very exceptional as all 
other speoles of this group have three pairs of books. The sixe of the large hooks was 
given as 0 016 mm and of the smaller hooks as 0.011 mm; these probably should have 
been 0.16 and 0.11 mm, respectively. 
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by H. W. Manter from the gills of Mycteroperca sp. taken at Socorro Iblaiid, 
Mexico The description and figures are adequate and a redoscription will 
not be given here. A figure of the haptoral hooks (Fig 10) is given for com¬ 
parison with others of this genus from North America. Mesorve has also 
described as a distinct species, B. anadenra, a form from the same host and 
locality as B. adenea. The principal difference given for the separation of the 
two species was the absence of the '^glands of Goto’' in the former. A study 
of the type specimen of B, anadenea (U. S N. M No, 9179) and of throe 
paratypes kindly loaned by Dr. Manter has shown tliat these glands are 
present in both species. B, anadenea is, therefore, dropped as a synonym of 
B. adenea, 

Benedenia isabellae Meserve, 1938 

This species was described by Meserve (1938) from specimens collected 
from the gills of an unidentified ^’spotted, grouper-like fish” taken by H. W. 
Manter at Isabel Island, Mexico The description ih very complete and little 
can be added beyond the fact that marginal haptoral hookleta (larval hooks) 
are present; they are 14 in number and distributed as m other members of 
the family Capsahdao. A figure of the haptoral hooks (Fig 11) is included, 
however, since it is on the basis of the hooks that this form can best be 
distinguished from closely related species. 

Benedenia paclflca (Guberlct, 1936), n. comb 

Synonym, — EpthdeUa pacifica Guberlet, 1936. 

This species was adequately described and figured by Guberlet (1936). 
However, this author faded to locate the smaller pair of haptoral hooks and 
their apparent absence was used as one of the differential characters. A 
study of the type specimens, kindly loaned by Prof Guberlet, revealed the 
presence of the small hooks as well as the marginal booklets which were not 
mentioned m the onginal description. This study also revealed that the 
species had been misallocated and must on the basis of the anterior haptora 
be assigned to the genus Benedenia instead of Epxbddla {^EnkMeUd), 

B. pacifica is quite distinct from all other members of the genus in that 
the hooks of the first pair (Fig, 12) are extremely small as compared with 
those of related spceies. The hooks of the second pair have blunt tips in¬ 
stead of the usual pointed recurved Ups. The hooks of the third pair are 
smaller than in most species, being only 37m long; they are situated near the 
margin of the haptor and removed a considerable distance from the tips of 
the second pair, Uie usual location. This species also appears to be unique 
in being devoid of eyes 

Benedenia melleni (MacC^lium, 1927) Johnston, 1929 

Benedenia meUeni has been so adequately described by MacCallum (1027) 
and by Jahn and Kuhn (1932) that a rcdescription ne^ not be given here. 
However, a figure of the haptoral hooks (Fig. 13) is included for comparison 
with Umse of related species. 
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B, tneUent differs from most species of the genus in lacking a vagina. 
There are, however, three other species, B. adenea Mcsorve, B. tsabellae 
Meservo and B muelleri (Meservo)* that also appear to lack vaginae. In 
addition to the absence of vaginae, the haptoral hooks of these four species 
are so similar that these two characters taken together may ultimately be 
found adequate for the erection of a separate genus to contain them. 

B, tneUeni is the least host specific of any monogenetic trematode so far 
described, at least 67 species of fishes representing 17 families being reported 
as hosts. As a rule monogenetic flukes show a liigh degree of host specificity, 
usually only one or at least only a few closely related species being susceptible 
to infestation. In view of the observations at the New York aquarium of 
Jahn and Kuhn, as well as those of Nigrclli and Brcder (1034J specificity 
in this species is either lacking to a large extent or more apparent tban real. 
The large variety of susceptible fish hosts suggests that infestation is per¬ 
haps a matter of opportunity, the type of circulation in the tanks where the 
observations wore made being such as to afford a greater chance for infes¬ 
tation than would be possible under natural conditions. 

Benedenia hendoiffll (Linstow, 1889) Stiles and Hassall, 1908 

Benedenta heiidorffit was originally described by Linstow (1889) from 
specimens collected from the skin of Coryphaena htppurua taken at “Caleta 
buena, Chile.” Recently the writer (Price, 1938) redeacribed and reillus¬ 
trated what IS regarded as this species from a specimen collected by E. E 
Wehr from an undetermined species of fish at Spokane, Washington. The 
haptoral hooks (Mg 16) are quite different from thase of other species of 
Benedenta, and these alone are sufficient to permit an identification of the 
species. 

Genua Pseudobbnedenta Johnston, 1931 

Dtagnoats, —Anterior haptors consisting of a pair of stickers in addition 
to well defined anterior glandular areas. Vagina extremely short. Other 
characters as in EnUMeUa and Benedenia, 

Type spectea,—Paendobenedenta notoiheniae Johnston, 1931. 

The type and only species was described by Johnston (1031), the smei- 
mena being collected from the skin of Noiothenia macrocephala from New 
Zealand. 

Genus Entobdella Blainville in Lamarck, 1818 

SynanyTna —EpibdeUa Blainville, 1828; EriopdeUa Rathkc, 1843; PhyUxne 
Oken, 1816, not Abildgaard, 1790; PhyUonella Beneden and Hesse, 1863. 

Dtagnoata, —Anterior haptors in form of elongate, slightly depressed, 
glandular areas at anterior margin of cephalic lobe; posterior haptor sucker- 

* Benedenia tnu^leri was described by Meserve (1938) as Bnlobdella muellertf tbe 
species being baaed on a single specimen from the gills of CraHnue agasewi oc^eoted 
at Tagus Cove, /Ubemarle Island, Galapagos Islands An examination of the type 
specimen shows that the anterior haptors are of the Benedenta trae rather than of the 
BuMdeUa type, and the species ie, therefore, transferred to Benedenea B mueUeri 
appears on the basis of the haptoral hooka (Fig 14), to be quite distinct from oU 
others of the genus. 
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Fi| 1.—J7fUo6(Ma kippoglotn^ veiitn] view; Fig. 2.— B. squamvla, ventral view; 
Fig 3 .—S humpwii, ventral view; Fig. 4 .—BiicotyUabe htUonti, ventral view; 
Figs, ft-6.— NUM$eh%a iuper6a, 5, complete worm, ventral view; 6, aeotlon through 
region of Mnitalia (op oimu pouch; ot ootype; ov. ovary; er seminal reoeptoele; 
va. vaglad aperture; vr. vitelflno reservoir). 
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like, armed with hooks as in Benedenia. Ovary usually separated from testes 
by a relatively wide band of vitelline follicles. Yas deferens forming a pre- 
ovarial loop. Other characters as in Bentdenia. 

Type apeetes.—EntobdeUa hippoglosai (O. F. Mttllcr, 1776) Johnston, 1866. 

This genus is better known in the literature as EpibdeUa, but Johnston 
(1929) has shown that this name is antedated by ErUobdeUa Blainville, in 
Lamarck, 1818. ErUobdella Blainville on the other hand is antedated by 
PkyUine Oken, 1816, but as the latter name had been previously used by 
Abildgaard (1790) for a tapeworm, ErUobddla is the oldest available name for 
the genus. As Johnston has pointed out, the correct date for EntdbdeUa has 
been difficult to establish, and the following quotation from Lamarck’s 
(1818) discussion of "PHYLLINfi (Phyllino)” is given, since it is on the 
basis of this statement that ErdobdeUa is regarded as the correct name of the 
genua; “Ce genre est 6tabli par M. Ochen, sous le nom quo nous lui conser- 
vons; et ndanmolns M. de Blainville, quo I’avait d6j& reconnu, lui assigna 
celui de EntdbdeUa, dans ses manuscrits.” 

Johnston (1929) has proposed a division of the genus into 2 sub-genera, 
EntdbdeUa and ParepibdeUa. Aside from the fact that the genus is so smaU 
that a subdivision seems unnecessary, the proposed subdivision is illogical 
since the species E. diadema and E. bumpuaii, which bear such a close 
resemblance to each other that they require extremely careful study in order 
to find characters upon which to separate them, are placed in different 
Hubgenera, 

The genua EntdbdeUa contains the following species: Entohddia butnpuait 
(Linton, 1900), from Pastinaehua centrourua; E. diadema (Monticelli, 1902), 
frour Trygon molacea; E. htppogloaai (O. F. MUllcr, 1776), from Hippo- 
gloaaua hippogloaaua; E. aoleae (Bcneden and Hesse, 1863), syn. E, produeta 
(Linstow, 1903), from Sdtea vulgarta; E. aquamula (Heath, 1902), from 
Paralichthya califomtcua; and E. atetngrbven (Cohn, 1916), from an unde¬ 
termined fish. Three of these species, B. bumpuaii, E. htppogloaai and E. 
aquamula, occur on North American hosts. 

Bntobdella h^tpoglosri (0. F. MQller, 1776) Johnston, 1866 Figs. 1, 7 

Synonyma,—Hirudo htppogloaai 0. F. Mdller, 1776; PhyUvne hippoghaat 
(0. F. Mflller, 1776) Oken, 1818; Eptbdella htppogloaai (0. F. MOller, 1776) 
Blainville, 1828; Triatoma hamatum Rathke, 1843; Nttzaehia hippogloaat 
(O. F. MQller, 1776) Taschenberg, 1878; PhyUondUa hippogloaai (O. F. 
Muller, 1776) Goto, 1899; EpibdeUa bumpuaii of Canavan, 1934. 

DescripHon .—Body elliptical, 13 to 18 mm long by 3.6 to 4.8 mm wide (up 
to 24 mm long and up to 11 mm wide, according to various authors); 
cephalic lobe set off from rest of body by slight marginal constrictions. 
Anterior haptors in form of 2 elongate^ slif^tly^ depressM, glandular areM, 
1 on each side of median line near anterior margin of cephalic lobe. Posterior 
haptor sucker-like, 3.6 to 4.8 mm in diameter, surrounded by marginal mem¬ 
brane about 170p wide; ventral surface concave, the posterior hw covered 
with radiating rows of more or less prominent papillM, and armed with 3 
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Fieb. 7-18^HAptoral hooks of; 7, BnUMeUa hippoglo$n, 8, B. aguamula; 
0, E.oumpunx, 10, Benedenia adenea; 11, H uabeUae; 12, B, paeifiea; 13, B. 

14, B mueBen: 15, B. hendorffix, 16, Sncoiyllabe HnUmix; 17, Niluchxa 
Bujmba, IS, Megaieeolyle marginata. (X^hook of fint pair; B—hook of second pair: 
C^hook of tkird pair ) 
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pairs of large hooks and 14 marginal booklets. Hooks of first pair spearhead- 
shaped, median margin slightly curved, 510 to 040|i long; hooks of second 
pair slender, 815 to 935/i long, tips recurved; hooks of third pair 95 to 122^ 
long, tips slender and recurved; marginal hooklcts about 20 m long. Oral 
aperture ventral, at level of lateral constrictions of body. Pharynx 080 to 
850m long by 8Mm to 1.1 mm wide. Intestine as in species of Benedenta. 
Common genital aperture at left marginal constriction. Cirrus pouch club- 
shaped, its base to right of median line and about midway between base of 
pharynx and anterior margin of ovary. Testes globular, 1.7 to 2 inm in 
diameter, equatorial. Ovary transversely oval, 595 to 695m long by 860m to 
1 mm wide, pretesticular, separated from anterior margins of testes by wide 
band of vitelline follicles. Vitelline follicles occupying almost entire body 
from level of oral aperture to posterior end of body proper. Vagina slender, 
opening postero-median of common gemtal aperture. Ootype oval, lying in 
median line posterior to cimis pouch, metraterm slender Egg tetrahedral, 
about 228m wide, with long, slender filament 

Host. — Hijypoqloas\ia htppogloaaua (linn.) 

Locaiton.-^kin. 

Diatributim. —United States (Woods Hole, Mass., Swans Island, Me.), 
Alaska, Canada (Nova Scotia) and Greenland 

SpeeiTnena.—V. S N. M. Helm Coll Nos. 688.3, 6884, 6974,7151,7177, 
7181, 7188, 7627, and 25051. 

The specimens available to the writer correspond in all essentials with 
those described by earlier wnters. It is the best known and most widely 
distributed of all species of the genus, and further comment appears un¬ 
necessary. 

Cana van (1934) reported Eptbdella bumpuatt (Linton) from a member of 
the family Gadidae. However, an examination of the specimen by tlic writer 
showed it to be £. htppogloaaii and not B. bumpuai. 

Entobdella squamula (Heath, 1902) Johnston, 1929 Figs. 2, 8 

Synonyma.—EptdeUa aquamula Heath 1902; Pkylltne aquamida (Heath, 
1902) linstow, 1903; Epihdella {PhyUtne) eguamula (Heath, 1902) Monti- 
celli, 1905; Entobdella (.Entobdella) aqtiamula (Heath, 1902) Johnston, 1929. 

Deaenpiton. —Body more or less elliptical, 5 to 12 mm long by 3 to 6 mm 
wide ^3.6 to 18 mm long by 1.5 to 10 mm wide, according to Heath (1902)). 
Antenor haptors in form of 2 elliptical, shghtly depressed, glandular areas 
near anterior margin of cephalic lobe. Posterior haptor sucker-like, 1.5 to 2.9 
mm long by 1.4 to 2.9 mm wide, surrounded by delicate marginal membrane 
170 to !M0m wide; posterior two-thirds of ventral surface covered with radi¬ 
ating rows of small papillae similar to those in E. htppogloan and E. stem- 
grdven, and armed with 3 pairs of large hooks and 14 marginal booklets. 
Hooks of first pair spearhead-shaped, 197 to 274m long; hooks of second 

E air slender, 595 to 9 Mm long, tips recused; hooks of third pair 121 to 163m 
mg, tips slender and recurved; marginal booklets about 15m long. Oral 
aperture median, slightly pwterior to marginal constrictions of b<^y. 
Pharynx with slight constriction, 304 to 756m long by 342 to 850m wide; 
esophagus absent; intestinal limbs slender, uniting posteriorly, each limb 
with about 9 later^ and fewer median diverticula. Common genital aper¬ 
ture at left lateral constriction; cirrus pouch club-shaped, its base to right 
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of median line about midway between base of pharynx and anterior margin 
of ovary. Testes usually spherical, SlO^i to 1.1 nun in diameter, equatorial. 
Ovary ovoid, 230 to 800>i long by 510^ U> 1 nun wide, pretesticular and 
separated from testes by wide band of vitelline follicles. Vitelline follicles 
occup^ng greater part of body from level of oral aperture to posterior end 
of body proper. Vagina long and slender, opening at level of base of pharynx 
about midway between m^an line and left margin of body. Ootype rela¬ 
tively large, its base median and immediately posterior to cirrus pouch; 
metraterm relatively long. triangular, about 150/x wide, with long, 
slender apical filament. 

Iloat,—Paralichihys califomxcus (Ayres). 

Location ,—Under surface of body, rarely gill chambers. 

Dutnbution ,—United States (Monterey Bay, Calif., and Gulf of Mexico), 

Specimens —U. S. N. M. Helm. Coll. Nos. 6973 (paratypes), 39570 and 
39581. 

This description is based on specimens collected by Prof Harold Heath 
and donated to the U. S. National Museum, as well as on specimens donated 
to the writer by E. E. Wehr, which had been collected by Ralph A. Coombs 
from an undetermined fish presumably from the Gulf of Mexico. 

EntobdeUa squamula resembles E, hippoglossi and E. sieingrdven more 
closely than any of the other species of the genus. These species show radiat¬ 
ing rows of papillae on the posterior haptor and, except for size, agree closely 
in other respects. E. squamula may be distinguished from both E. hippoglossi 
and E, steingrdmn by the haptoral hooks, those of the first pair of E, sgtea- 
mula being much shorter as compared with those of the second pair than in 
the other two species. 

EntobdeUa bumpusii (Linton, 1900) Johnston, 1929 Figs. 3, 9 

Synonyms,—EpibdeUa bumpusii liuton, 1900; PhyUine bumpusii (Linton, 
1900) Lmstow, 1903; EntobdeUa {Pareptbdella) bumpusii (Linton, 1900) 
Johnston, 1929. 

Description .—Body ovoid, 8.5 to 9 mm long by 6 to 5.5 mm wide Giving 
specimen 12.5 mm long by 8.35 mm wide, according to Linton (1900)). 
Anterior haptors in form of 2 glandular areas at anterior end of cephalic 
lobe, each haptor crossed aniero-posteriorly by about 20 relatively deep 
grooves. Posterior haptor sucker-like, 2.4 to 3 mm in diameter, surrounded 
by a delicate marginal membrane; ventral surface without papillae, armed 
with 3 pairs of large hooks and 14 marginal booklets. Hooks of first pair 
robust, 646 to 795m long, slightly curved, graduaUy attenuated anteriorly; 
hooks of second pair slender, 731 to 765m long, tips recurved; hooks of third 
pair about 76m long, tips slender and recurved; mar^nal booklets 15m long. 
Oral aperture median, at level of lateral constrictions of body. Pharyiu 
somewhat beaker-shaped, 680m long by 850m wide; intestinal tract as in 
E, squamula. Common genital aperture sinistral, at level of oral aperture. 
Cirrus pouch clul^shaped, its base to right of median line and separated 
from ovary by a loop of the vas deferens. Testes globular or transversely 
oval, 595 to 765m long by 765 to 850m wide. Ovary median, 595m long by 680m 
wide, pretesticular and separated from testes by wide band of vitelline 
follicles. ViteUine follicles occupying almost entire body width from level 
of oral aperture to posterior end of body proper. Vagina long, muscular, 
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opening at side of common genital aperture. Ootype elliptical, median; 
metraterm slender, opening into genital atrium near common genital aper¬ 
ture. Eggs not observed; tetrahc(&al, with long, slender filament, aceordiiig 
to Linton. 

HobL—P asixnachua cenirouriLS (Mitchill). 

Location .—Skin and gills. 

DisiribiUion .—United States (Woods Hole, Mass.) and Canada (Lab¬ 
rador). 

Specimen. —U. S. N. M. Helm. Coll. No. 6509. 


This species is closely related to EntobdeUa diadema (Monticclli) but is 
easily separated from that species by the relation of the ovary to the testes; 
in E. bumpuan the ovary is separated from the testes by a wide band of vitel¬ 
line follicles, while in E. diadema the ovary is situated immediately in front 
of, and in contact with, the testes. Both specios resemble each other in 
having the anterior haptors crossed antero-postonorly by about 20 grooves, 
a condition not known to occur in any of the other species. 

Genus Encottllabe Diesing, 1850 

Synonym.—ChelonxeUa Beneden and Hesse, 1863. 

Diagnoaia .—Body with lateral margins turned ventrally. Anterior haptors 
muscular, sucker-like, elhptical, surrounded by a wide, more or less pleated 
membrane. Posterior haptor campanulate, without radial septa, armed with 
2 pairs of large hooks (1 pair massive) and a number (?14) of mardnal book¬ 
lets, situated on a relatively long pedicel attached to the ventral surface of 
body. Genital aperture submedian to lateral; genital organs arranged as in 
Tr<^opua. 

^pe species.—EncotyUabe nordmaimi Diesing, 1850. 

The genus EncotyW^ contains seven species as follows:^ EncotyUabe 
linionii Montioelli, 1909, from Calamus calamua, E. masu Ishii and Sawada, 
1938, from Oncorhynchua mason; E. nordmanni Diesing, 1850, from Brama 
mediterranea, B. ran, and Ileliaaiea chromis, E. pageUi Beneden and Hesse, 
1863, from PageUua cenlrodontua, E. pa^roaomi MacCallum, 1917, from 
Pagroaomua auraius; E. paronae Monticelh, 1907, from Crendabrua pavo; E. 
apart Yamaguti, 1934, from Sparua macrocephalua, Pleciorhynchua ptclus, 
and Epinephelua akaara; and E vaUei Monticelh, 1907, from Chryaophrya 
aurata. Only one of thrae species, E. hrUonii, is known from a North Ameri¬ 
can host. 

EncotyUabe lintonii Monticelli, 1909 Figs. 4, 16 

Synonym.—EncotyUabe sp. Linton, 1907. 

Deacn]^ion .—Body ellipsoidal, 2 mm long by 765^ wide disregarding in¬ 
folded margins, or about 1.2 mm wide if spreM out. Margins of body in¬ 
folded ventrall^ forming a spacious groove. Anterior haptors sucker-like, 76/i 
long by 84/1 wide, incompletely surrounded by a pleated membrane about 
306/1 across. Posterior haptor pedunculated, bell-^aped, about 340/i long, 
and surrounded by a delicate maiginal membrane; large hooks robust, 274/i 
long, small hooks 30/i long; marginal booklets lO/i long, number not ascer- 

Perrier (1807) m a dieousBion of the ebape of eges of triatomes mentioned the name 
EncotyUabe /ramie, but so far as the writer has been able to ascertain no such species 
has ever been deeorlbed. E. fragile, therefore, must be regarded as a nomen nudum and 
without nomenriatural status. 
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toinable; pedicel 380/1 lone by 237/i wide. Pharynx almost rectangular, 152/i 
long by IM/i wide. Genital aperture at side of phaiynx, a short distance pos¬ 
terior to left anterior haptor. Cirrus pouch robust, its base lying posterior to 
pharynx and to ri^t of median line. Right testis oval, 228/i long by 190/i 
wide; left testis missing, its location marked by a small scar-like mass of 
tissue. Ovary 114/i long bv lOO/i wide, median, pretesticular. Vitelline follicles 
occupying almost entire body width from level of pharynx to posterior end 
of bray proper. Vaginal aperture preovarial and slightly sinistral. Ootyra 
indistinct, immediately posterior to, and partly overlying, cirrus pouch. No 
eggs present. 

HosL—Calamus calamus (Cuvier and Valenciennes). 

Localion. —Gills. 

Dtsirtbuhon, —Bermuda. 

Speeimpfi ,—Collection of Prof. Edwin Linton, University of Pennsylvania, 
Philadelphia, Pa. (type). 

This species is represented by a single, somewhat immature specimen col¬ 
lected by Prof. Edwin Linton, July 16, 1903, at the Bermuda Biological 
Station for Rc^arch, Flatts, Bermuda. As Linton's description of this form 
was incomplete m certain details, Monticelli (1008) secured the specimen 
and redeseribed it, naming the species for the collector. Monticelh's desenp- 
tion was brief and inaccurate as the writer has found on studying the speci¬ 
men kindly loaned him by Prof. Linton; the inaccuracies are as follows: The 
figure given by Monticelli, labelled ventral view, is actually a dorsal view 
and shows 2 testes situated side by side, while the specimen, being anoma¬ 
lous, has only 1 testis, a small scar-like mass representing the other testis; 
the ovary is much larger than Monticelli's desenption would indicate, the 
genital aperture is at the left side of the pharynx and not posterior to it as 
Monticelli stated; and the ratio of the hook lengths is 1:9 instead of 1:8. 

Both Monticelli and Linton overlooked the small marginal haptoral book¬ 
lets. These booklets have previously been reported as present on only one 
species of the genus, E. pagrosomt MacCallum (Price, 1937), but in view of 
the fact that they are now known to occur on two of the seven species it 
may be assumed that they are present on all 

Yamaguti (1034) has described a species, EncotyUabe span, from Japa¬ 
nese fishes, which appears to be very close to, if not actually the same as, 
E. lifUonit. The measurements given for E, span are slightly in excess of 
those of E, hntonii but these slight diiTerences may not be significant, es¬ 
pecially since the latter species is known from only a single anomalous speci¬ 
men. However, since our knowledge of E. linionit is inadequate, the writer 
prefers to retain Yaroaguti’s species until more specimens of E, hnlonii are 
available, or until a more adequate description based on new material has 
been given. 

Genus Ancyrocottle Parona and Monticelli, 1903 

Diagnoms .—Anterior haptors in form of 2 muscular suckers, each situated 
on a fleshy pad. Posterior haptor sucker-like, with marginal membrane, bear¬ 
ing 3 pairs of large hooks and 14 margin^ booklets; books of third pair 
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lateral to those of second pair. Intestinal tract consisting of 2 ceca, without 
lateral or median branches and not united posteriorly. Testes 2, postovarial, 
or (T) 1, preovarial. Vagina present. 

Type species. — AncyrocotyU vaUet (Parona and Perugia, 1805) Parana and 
Monticelli, 1003. 

Only one species. Ancyroe^le bartschi, in addition to the genotype, has 
been allocated to this genus. Tto species was described by the writer (Price, 
1034) from two immature specimens collected from the gills of Naucrates 
dudor taken in West Indian Waters. The original description is regarded as 
adequate for the purpose of identification and further consideration of A. 
bartschi will not be gpven in this paper. 

Subfamily NITZ8CHIINAE Johnston, 1031 

Dtagiwsis. —Anterior haptors in form of 2 sucker-hke grooves, 1 on each 
side of median line of cephalic lobe. Posterior haptor sucker-like, surrounded 
by well developed marginal membrane; ventral surface strongly concave, 
without papillae or septa, and armed with 3 pairs of hooks and 14 marginal 
booklets. Genital aperture pratpharyngeal, median or sinistral. Testes 
numerous (up to 27 or more), in intcrintestinal field. Ovary entire Vagina 
present. 

Type genus.—Nxtzschta Baer, 1826. 

Genus Nitebchia Baer, 1826 

Diagnosis —Characters of subfamily 

Type species—NtUschia elegans Baer, 1826 (=Af. stunonis (Abildgaard, 
1794). 

Up to the present time only two species have been included in the genus 
NtUschia, namely, NiUschta stunonis (Abildgaard, 1794), from Acipcn^ 
sfurio, and Af. superha MacCallum, 1921, from A. brenrostris. In addition 
to these two species, a third, N. morUtcelltt, n. sp.,* is here propowd for the 
“forma giovanc" of N. elorigata (Nitzsch) {—N. stunonis described from 
Europe by Monticelh (1909)). 

Nitzschia auperba MacCallum, 1921 Figs. 5-6, 17 

Desenption. —Body elongated, 8 to 15 mm long by 2.1 to 3.5 mm wide* 
somewhat constrictra in region of pharynx. Anterior haptors in form of 
elongated grooves, 1.6 to 1.8 mm long, 1 on each side of median line and 
lying along margins of cephalic lobe. Posterior haptor sucker-like, sur¬ 
rounded by well developed marginal membrane 170/i wide; ventral surface 
strongly concave, without radial septa or papillae, armed with 3 pairs of 
books and 14 marginal booklets. Hooks of first pair straight, somewhat 
fusiform, 85 to 120>i long, hooks of second and tnird pairs equal, 106 to 
167^ long, those of second pair with slender recurved tips and those of third 
pair with relatively thick, blunt tips, not recurved; marginal booklets 20 m 
long. Oral aperture median, at level of posterior ends of anterior haptors. 
Pharynx subglobular, 765 m to 1 nim long by 765 m to 1.2 mm wide. Genital 

* N. montieMi is regarded as new on the basis of inequality of the lengths of the 
haptoral hooks on Montioelli’s "forma giovane" of If. elingata (^AT. stunonis) The 
haptoral hooks of N. sturionis are equal in length, or nearly so, and as it has been the 
writer’s experience that the hooks oi monogenetio trematodee do not eiUblt material 
variation aue to ace, it seems reasonably certain that two species were represented in 
MonUcelh's nuitanal. 
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aperture siniatral. 340 to 510/i posterior to base of pharynx. Cirrus pouch 
short and thick, oirected transversely; testes 20 to in number, in median 
field, postovari^. Ova^ oval to somewhat renifoim, 346 to 505^ long by 
680 to 800m wide, median, preequatorial. Vitelline follicles veiy numerous, 
occup^g entire body width from anterior end of cephalic lobe to posterior 
end of body proper. Vaginal aperture median, near base of ootype; vagina 
short and rdatively wide, connected with a large, globular seminm receptacle 
lying antero-lateral of vitelline reservoir. Ootype piriform, its base lying in 
median line posterior to cirrus pouch; metraterm very short. Egg triangular 
in outline, 171m wide, with moderately long, slender filament. 

Hosts.—Acipenser brevtrostns 1/e Sueur, A. slurto Linnaeus, and A. 
oryrhynchus Mitchill. 

Lotion. —Gills. 

Loedhttes .—United States (New York Aquarium, WocmIh Hole, Mass., 
and Block Island) and Canada (Gulf of St. Lawrence). 

Specimens ~V S. N. M. Helm. Coll. Nos. 4873, 7153, 7742, 36639, 
35640 (cotypes) and 35641. 

Nitzschia superba was described by MacCallum (1921) from specimens 
collected at the Now York Aquanum from a short-nosed sturgeon taken 
along the Atlantic Coast. MacCallum did not give any very clear differences 
between this species and the other species of the genus except for the char¬ 
acter of the vitellaria which he stated “was very different from that of other 
members of the genus, inasmuch as instead of being a mass of more or less 
circular glands, they are here in the form of tubes with only at short dis¬ 
tances a circular gland here and there.” A study of the specimens on which 
MacCallum’s description of N. superba was based shows that the character 
of the vitellaria is not different from that of other species, since the tubes 
he mentioned were the small collecting ducts and not the vitelline follicles. 
The principal difference between N. superba and the European species lies 
in the morphology of the hooks of the posterior haptor. 

So far as the writer has been able to ascertain N. superba is the only 
species known from American hosts. Specimens (U. 8. N. M. No. 4873) col¬ 
lected by Linton, as well as specimens collected by MacCallum, and labelled 
N. elegans were found on examination to be V. superba. One additional 
specimen (U. S. N. M. No. 7163), the host of which was not given, proved to 
be also N. superba. In view of the fact that all of the specimens so far ex¬ 
amined have proved to be N. superba, it seems reasonable to assume that 
the records of N. elegans by Vcrrill (1876) from Atipenser oxyrhynehus, by 
Linton (1898 and 1901) and by Stafford (1904) from A. sturio are probably 
those of V. superba also. 

Subfamily TROCHOPINAE Price, 1936 

Diamosis .—Anterior haptors in form of suckers or glimdular areas; pos¬ 
terior haptor sucker-like, subsossile, its ventral surface divided into central 
and marginal areas bv ridges or septa. Other characters as in Benedeniinae. 

Type genua.—Trochopus Diesing, 1860. 
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KEY TO GENERA OF TROCHOPINAE 


1. Anterior haptors in form of glandular areas 

Anterior haptors in the form of suckers 

2, Posterior haptor with 10 rays 

Posterior haptor with 6 to 7 rays 


MacrophyUtda Johnston 
2 

Trockopus Diesing 
Megalocoiyle Folda 


Genus Trochopus Diesing, 1860 

Diagnosis ,—Anterior haptors disc-like, medium-sised, subsessile, varying 
in form and appearance. Posterior haptor disc-like, subsesaile, with marginal 
membrane; ventral surface divided into cavities by 10 ndges or septa, 
armed with 2 to 3 pairs of large hooks and 14 marginal booklets. Genital 
aperture at level of posterior margin of left anterior haptor; genital atnuin 
long; cimis pouch curved, its base usually to right of median line; testes 2, 
oval, with zones comciding and with fields abutting or separate, usually 
equatorial or preequatorial. Ovary globular, prctcsticular. Vagina slender, 
opening immediately posterior to common genital aperture. 

Type species.—Trochopus longipes Dicsing, 1850 {^Tnstoma iubiporum 
Diesing, 1836, renamed). 

There are at present 10 species in the genus Trochopus as follows: Tro- 
chopusbrauni Mola, 1912, from CoUusgobto; T. differens Sonsino, 1891, from 
Canlharus lineatus; T, diplacanihus Massa, 1903, from Tngla hirundo, T. 
gaiUtmhe Little, 1929, from Tngla hirundo or T. lucema, T. heterachanihus 
Massa, 1903, from Tngla corax; T. lineatus Scott, IWl, from Tngla lineata, 
T. micracha'i^us Massa, 1903. from Tngla hirundo, T. onchararMus Massa, 
1906, from undetermined fish host; T. pint (Bencden and Hesse, 1863), from 
Tngla pint, T, hirundo and T. corax, and T. iubtponis (Diesing, 1835), from 
Tngla hirundo. No member of this genus has been reported from North 
America. 

Genus MeoaI/OCOtyle Folda, 1928 


Diagnosis —Posterior haptor with (?) 6 to 7 septa Other characters as in 
Trochopus. 

Type species.—Megalocoiyle marginata Folda, 1928. 

The present writer (Price, 1936) has previously stated that Megalocoiyle 
Folda was a synonym of Trochopus Diesing. This position would not be 
difficult to maintain, but since Trochopus (sensu lato) can be separated on 
the basis of the haptoral rays into two distinct groups of species it now Bcenis 
desirable, at least for convenience, to regard Megalocoiyle as valid. 

Five species may be included in the genus Megalocoiyle: M. hexacanihus 
(Parona and Perugia, 1889), n. eomb., from Serranus gigas; M. marginata 
Folda, 1928, from Sebasiodes nebulosts; M. rhombi (Bcnedcn and Hesse, 
1863), n. comb., from Rhombus maxtmus; M. squaiinae (MacCallum, 1921) 
n. comb., from Sguatina sguaiina; and M. zschokkei (Mola, 1012), n. comb., 
from CaUus gebio. Of these species only M. marginaia is known from North 

America. Megalocotyle maxgiiiata Folda, 1928 

This species has been adequately described by Folda (1928) and a rede¬ 
scription need not be given here. A study of some of the paratype specimens 
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(U. S. N. M. No. 39580) kindly donated by Prof. J. E. Guberlet, University 
of Washington, Seattle, Wash., however, shows that Folda apparently erred 
in describing and figuring the first pair of haptoral hooks. These were shown 
to have posteriorly directed projections at or near the middle of-the hooks, 
but these projections are apparently wrinkles of the cuticula at the opening 
of the hook sheath and not a part of the hook proper (Fig. 18). 

Genus Macrophyllida Johnston, 1929 

Synonym,—MacrophyUa Hughes, 1928, not Hope, 1837. 

Diagnosta .—Anterior haptors in form of fan-hke glandular areas. Posterior 
haptor similar to that of Trocho'pua. Testes 2, preequatorial, one slightly 
anterior to other. 

Type speciea —MacrophyUtda antardtea (Hughes, 1928) Johnston, 1929. 

The typo and only species of this genus was desenbed by Hughes (1928) 
from Mudelua antarcitcua in Australia. 

Subfamily CAPSALINAE Johnston, 1929 

Synonyms—Tnaiominae Braun 1893; Tnaiomaixnat Gamble, 1896. 

Diagnosis —Anterior haptors sucker-liko. Posterior haptor sucker-Iiko, 
subsessile, its ventral surface divided by septa into a central polygonal area 
and 7 marginal, more or less trianj^ular areas, usually armed with 1 pair of 
large spine-like hooks and 14 marginal booklets. Testes numerous, confined 
to interintestinal field or extending intoextraintostinal fields. Ovary lobulate. 

Type genus,—Capaala Bose, 1811. 

KEY TO GENERA OF CAPSALINAE 

1. Pharynx with constriction; testes usually, if not always, extending into 

cxtraintestinal fields. Capaala Bose 

Pharynx without constriction; testes confined to interintestinal field 2 

2. Posterior rays of haptor bifid distally; haptoral hooks with claw-like tips; 

dorsal marginal spines crown-shaped, in single longitudinal row 

Capaalotdes Price 

Posterior rays of haptor not bifid distally; haptoral hooks without claw¬ 
like tips; dorsal marginal spines, when present, not crown-like, in 
numerous short transverse rows Triatoma Cuvier 

Genus Capsala Bose, 1811 

Synonym,—Tristoma Cuvier, 1817, in part. 

i>ta(pio«u,—Dorsal marginal spines present or absent. Posterior rays of 
haptor not bifid distally; hooks, when present, simple, without claw-like 
tips. Pharynx with a definite constriction at or posterior to middle. Testes 
numerous, usually, if not always, extending into extraintestinal fields. 

Type ap€Ct€s,~^apsala maritmert Bose, 1811. 

The following species may be included in the genus Capaala; Capaala 
biparasitica (Goto, 1864), from carapace of a copep^, probably ParapeUdua 
sp., parasitic on the gills of Tl^nnua albacora; C.foliacea (Goto, 1894), from 
undetermined Japanese fish; C, inUrrupia (Monticelli, 1891), from Thynnua 
brachypkrua; C. kalauwona (lahii, 1936), from Katauunmua pagans; C. lama 
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(Yerrill, 1875), from TetrapiuruB xmperaioTf T. brevirostris and Ccryphaena 
hippurus; C, linionif n, sp., from Gymnosarda pelamts; C. maccaUunttf n. sp., 
from EuihynnuB dUetteraiuB; C. magrona (Ishii, 1936),* from ThynnuB 
orienidliB; C. mariinteri (Bose, 1811), from Mola mola; C. megacolyle (Lin- 
stow, 1906), from HiBiiophorus sp.; C. nozawae (Goto, 1894), from Thynnua 
Bxbi; C. on^tdtoco(yIe (Setti, 18M), from Thynnw thynnua; C. ovale (Goto, 
1894), from HiBltophomB orterUaliSj, HiBiiopnoruB sp., and (?) Cybtum sp.; 
C. pdamydiB (Toscheaberg, 1878), from Pelamys ear^, C, poeyi (Vigueras, 
1935), from Mantra ampin; and possibly C. Btpialt (E. Blanchard, 1^7), at 
present unrecognisably from SqualuB sp. 

Capsala TnarUnieri, C. laevxsy C. hniont^ C, maccallumt and C poryi are the 
North American representatives of this genus 

Capsala martinierl Bose, 1811 Figs 19-21 

SynonyniB.—Phylline dtodoniis Oken, 1815, P cocctnea of Sehweigger, 
1820; Trisioma maculaium Rudolphi, 1819; T. coccineum of Rudolphi, 1819; 
T, coccineum of Bremscr, 1824; T. coccineum of Diesing, 1836; T. cepheda 
Risso, 1826; T, molae E. Blanchard, 1847; T. rudolphianum Diesing, 1850; 
Capsala nuxculata (Rudolphi, 1819) Nordmann, in Lamarck, 1840; C, 
ruMphiana (Diesing, 1850) Johnston, 1865; (\ sangutnea Diesing, 1850; C, 
cephala (Risso, 1826) Johnston, 1929; C. molae (E Blanchard, 1847) John¬ 
ston, 1920. 

DcBcnpiton, —Body cordate to almost circular, 15 to 21 mm long by 16 to 
21 mm wide, posterior end deeply notched; dorsal surface convex, smooth 
except near margins, the margins with a relatively wide longitudmal band 
of irregularly placed spines, the majority of spines 4-cu8pid; ventral surface 
concave, covered with minute papilliform projections. Anterior haptors 
sucker-like, circular or slightly oval, 1.4 to 1.8 mm in diameter. Posterior 
haptor circular, 8 to 10 mm in diameter, surrounded by pleated marginal 
membrane 500 m wide; ventral surface covered with minute papilliform pro¬ 
jections; central area an irregular heptagon with 7 ridges or septa radiating 
from it; no hooks present; marginal booklets present, small. Oral aperture 
median, at level of posterior margins of anterior haptors. Pharynx 2 to 2.1 
mm long by 1 to 1.8 mm wide, with distinct constriction. Intestine as in 
other capsalids. Genital aperture sinistral, at level of equator of pharynx. 
Cirrus pouch club-shaped, its base lying in median line posterior to pharynx. 
Testes very numerous, occupying greater part of central area of body and 
extending laterally to within about 1,5 mm of body margins and anteriorly 
to about level of base of pharynx. Ovary lobulatc, 1 5 to 2 1 mra long by 2 to 
3.2 mm wide^ median, about 1 5 to 2 mm posterior to base of pharynx. 
Vitelline follicles occupying greater part of body and extending into 
cephalic lobe. Vagina slender, opening 400 to 450m posterolateral of genital 
aperture. Ootype oval, imme^ately posterior to cirrus pouch. No eggs ob¬ 
served. 

HobL — Mola mola (Linnaeus). 

* Through the courteey of Prof libii the writer hae been permitted to examine the 
type epeoimene of both C. mogrona and C. katnuwona The figuree and desenpUonB 
of these forms by Ishii (1036) and the redescriptions by lahii and Sawada (1038) are 
quite complete except in the case of C. magrona In neither of the paMra referred to is 
there any mention of the presence of doiw marginal Hpines or of haptural papillae 
in this species. These spines are small, uniouspid, and distributed In much the same 
manner as in C. marixnUri. The baptoral papillae are relatively large, not numerous, 
and irregularly distributed in the depressions between the haptoral radii. 
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JjoeaHon. —Skin. 

DUirihyiion. —United States (Atlantic and Pacific Coasts). 

Specimens.—U. S. N. M. Helm. Coll. Nos. 3989, 4879, 7164, 7186, 7187, 
7338, 7741, 35266, 35332, 35642 and 35643. 

La Martini^re (1787) described an ectoparositic fluke, which he did not 
name, from a fish of the genus Diodon. The complete account of this worm 
is as follows; 

L'inaecte suivant {jig, 4 5) a A peu pr6fl la forme d’un verre de montre 

qui Horait 6chaner(i dans un point de sa circonf^rence; son corps est d’une 
consistance cartilagineusc, d^une couleur blanche un peu teme; sa partie 
Hup^rieure (Jig. 4 [A]) est couverte par de petites taches ovales, de couleur 
de lie de vin. La Jig. 6 IB] le reprfeente vu par-dessous, oil Ton apergoit trois 
616vations en forme de godets, deux vers la troinpe de Tanimal, et une 
troisi&me bcaucoup plus grande, vers la partie £chancr6e de son corps; ce 
dernier est divis4 par sept petites c6tes blanch&tres; le centre fait un peu 
saille. C’est k la faveur do cea diff^rens godets qu’il sc fixe d’une manidre 
tr^s-forte sur Ic corps de difT^rens poissons ou animaux marins; vraisem- 
blablement c'oat en falsant le vide, ct non avec unc humour glutineuse et 
tenace qu’on pourrait lui supposer. Peut-^tre est-ce par cette m6me cause 
que lea 16pas et Ics moules ho fixent si fortement aux rochers. Sa trompe, 
qui est situi^ entre scs deux petits godets sup^ricurs, a son extr6mit4 su- 
I^rioure h6ris86c de pointos, qui doivent 6tre autant de pouches par oil cet 
animal suce le sang dea poissons sur lesquels il est fix6. On voit^ au-dessous, 
k travels sa substance, plusieurs circonvolutions d^intostins qui aboutissent 
k un petit reservoir dc forme presque carr6e. Quoique cet animal soit sans 
jamb^, il jonit d’un mouvement progressif k la faveur de ses trois espies 
de godets, qu’il fixe altemativement. Il pent aussi aller au fond de reau, 
quoique sa forme paraissc devoir s'y opposer; et voici de quelle maniire il 
rex^cute* il so roule cn papillote, et se mwntient dans cette situation, en 
fixant ses deux godets supi^rieurs sur la partie post6rieure et supMeure de 
son corps; alors, pr^entant moins de surface, il descend au fond par son 
propre poids. Je Tai trouv6 fix4 sur le corps d’un poisson du genre des 
diodons de Linn5, que nous avons rcncontr£ assez souvent depuis Nootka 
jusqu’il Monterey en Califomie 

Bose (1811) on the basis of La Martinifere’s description proposed for this 
species the name Capaala maritnieri. Later Oken (1815) renamed this worm 
PhyUtne diodonits^ and still later Rudolphi (1819) renamed it Tnstoma 
maculaium. The descriptions given by Oken and by Rudolphi were taken 
apparently from that of La Martinidre’s as nothing in their descriptions 
indicated that they had ever seen the parasite. Bose gave the sise of the 
worm as 3 cm. but this measurement was evidently taken from La Mar- 
tiniire’s illustration. Dujardin (1845) and Saint-Remy (1891) gave the sise 
as 22.5 mm long by 18 mm wide, but just how they arrived at this is not 
given. 

As will be noted from the original description, no details are given by 
which the species can be recognised. However, on the basis of circumstantial 
evidence the writer feels convinced that the species is identical with that 
commonly known as Truioma molae; the evidence that led him to this con- 
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elusion is briefly this: The general body form, relative sue of the haptora 
and body proportions are the same as those for T. molae; the only fish occur¬ 
ring in Monterey Bay and northward that would fit the d iag nosis of the 
genus Diodon as given in the literature of that time, accoiding to Dr. O. S 
Myers formerly of the U. S. National Museum, would be Diodon tnola 
(a Mda mola) ; the only tristomc definitely known to occur on Mala mola 
is the species commonly known as Tnatoma molae; the “spots” referred to 
in La Martinifere’s description probably were mottling commonly present in 
specimens and due to the contrast between the darker intestinal ramifica¬ 
tions and the lighter body tissue; and finally, the “trompe, que est situ^ 
entre ses deux petits godets sup^rieurs, a son extr6mit6 Bup6iieure bdriss^ 
dc pointes” was probably the pharynx which was protruded through tho 
oral aperture, a condition which the writer has observed in a few specimens 
of T. molae. 

The moat outstanding characters which differentiate this species from 
others in the genus arc the absence of large hooks on the posterior haptor 
and the arrangement of the spines occurring dorsally along the margins of 
the body. These spines have a haphazard arrangement and do not occur in 
either longitudinal or transverse rows. Parona and Perugia (1889) state that 
these spines occur in a regular series (“Inveee questa armatura chitinosa e 
disposta regularmente a serie sul margini doll’animale .. . ”), but the writer 
has not observed such an arrangement in any of the specimens available to 
him 

Capsala maccallumli n. sp. Figs. 22-23 

Description. —Body oblong, 2.6 mm long by 1 mm wide; dorsal and ventral 
surfaces smooth. Anterior haptors about 350m in diameter. Posterior haptor 
about 900m in diameter, with pleated marginal membrane about 120m wide; 
ventral surface covered with prominent conical papillae; central area of 
haptor an irregular heptagon; hooks 95m long, their free ends slender and 
hooked; marginal booklets 14 in number, about 22m long. Oral aperture at 
level of posterior mamns of anterior haptors; pharynx constricted, about 
300m long by 266m wide; intestinal tract as in other species of genus. Com¬ 
mon genital ajicrturc lateral; testes apparently extending beyond confines 
of intestinal tract; remainder of genitmia not developed sufficiently to be 
made out with certainty. 

Host.—Euthynnus CMetteratus (Rafinesquo) 

Location. —Gills. 

Distribution —United States (Woods Hole, Maas). 

Type specimen. —U. S. N. M. Helm. Coll. No 35644. 

This species is represented by a single immature specimen collected by 
G. A. MacCallum, July 20, 1015, at Woods Hole, Mass., from “Thunnua 
Oiynnus —Horse mackerel.” The species is regarded as new on the basis of 
the large haptoral hooks, the free tips being hooked instead of straight or 
slightly curved as in the other species. The papillate condition of the ventral 
surface of the haptor suggests a relationship with C. onchidioeotyle, described 
by Setti (1899) from a “tonno” in Italy, and it is possible that the two spe- 
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Fim. 10-21 .—CapnaXa morftntm. 19, complete worm (A—dorwl view, B— 
ventfttl view) after La Martini Are (17977), 20, ventral view, orlclnai; 21, diagram 
showing distribution of dorsal marginal spines: Figs. 22-23.—C. moceaUumt. 22, 
complete worm, ventral view; 23, haptoral hooks (A—large hook, B—martfnal 
booklet); Figs 24^25.—C. hntom. 24, complete worm, ventral view; 2A, large 
baptorsi hook; Flge. 26-28—C. laevis 26, complete worm, after VerriU, 1885; 
27, ventral view of type specimen, original; 28, large haptoral hook. 




Feb. 15, 1939 


fbice: tbsmatodes 


83 


ciea may be identical; however, Bince Betti’s description is lacking in essential 
details, it appears necessary to regard the two forms as distinct until a re- 
study of C. onchidioc<dyle is possible. 

Capsala lintonl, n. sp. Figs. 24-25 

Synonym.—TrisUma laeve Verrill of Linton, 1898. 

Desenption .—Body outline almost circular, 3.7 mm long by 3.5 mm wide, 
deeply notched posteriorly; dorsal and ventral surfaces without papillae. 
Anterior haptors circular, about OOO/u in diameter; postenor haptor about 
1.6 mm in diameter, surrounded by a more or less pleated membrane 85/i 
wide. Central area of i>OHterior haptor an irregular heptagon with 7 ndges 
or septa radiating; from it as in other species of genus; ventral surface of 
haptor covered with papillae. Hooks bladc-like, slightly suiuous, about 115m 
long; marginal hooldets present, about 20m long Oral aperture median, 
slightly anterior to level of posterior margins of anterior haptors; pharynx 
constricted, 610m long by 505m wide; intestinal tract as m other species of 
genus. Qemtal aperture at level of middle of pharynx and a short distance 
from posterior margin of left antenor haptor. Cirrus pouch club-shaped, its 
base in contact with posterior end of phaiynx. Tostos numerous, occup^nng 
interintestinal field and extending for a short distance into extraintcstinal 
fields. Ovary lobulated, about 340m long by 510m wide, median, about 510m 
posterior to base of pharynx. Vitelline follicles extending to near margins of 
body and into cephalic lobe and anterior haptors Vagina muscular, its 
aperture postcro-median of genital aperture. Ootype immediately posterior 
to base of cirrus pouch. F^gs not observed 

Host.—Oymnosarda pelamts (Linnaeus) 

Location. —Gills. 

Dtairthuiton .—United States (Atlantic Ocean, south of Martha’s Vine¬ 
yard, Mass.). 

iSpecimen.—U. S. N M. Helm. Coll No. 4878 (type). 

This species is based on a single, somewhat immature spccuneii described 
by Linton (1898) as probably Tnatoma laeve Vernll. The specimen was not 
in the best possible condition for study, being very dark and contracted. 
However, enough detail could be made out to show that it is distinct from 
C. laevta (syn., T. laeve)^ although closely related to that siiecies. The chief 
differences between the two species are absence of dorsal marginal spines, 
and of papillae from the ventral surface of body, in C\ Itnioni. There is also 
a difference in the proportional sizes of the haptors; in C. laevia the ratio of 
the diameter of the anterior haptors to that of the postenor haptor is about 
1:1.6, while in C. liniont the ratio is about 1:2.6. 

CapsaU laevis (Vernll, 1875) Johnston, 1020 

This species as originally described by Verrill (1875) was unrecognizable; 
it was later figured by Verrill (1885) but no specific details were shown. A 
redescription of this form has recently been given by the writer (Price, 1038), 
the redescription being based on specimens collected by Fr. Gunther in SAo 
Paulo, Brazil. The Brazilian specimens were compared with the tjrpe 
(U. S. N. M. No. 7179) and found to agree in all esaentials; a further con- 
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sideration of this species, therefore, appears unnecessary. However, figures 
(Figs. 26-28) of the type specimen are included for comparison with other 
American species. 


Genus Tuistona Cuvier, 1817 

Synonym.—Capaala BosCj 1811; in part. 

Ihagnosis. —Dorsal marginal spines present or absent; when present, in 
numerous short transverse rows of similar or dissimilar spines. Posterior 
septs of haptor not bifid distally; lai^ hooks when present, without claw- 
hke tips. Pharynx globular or subglobular, never with constriction. Testes 
numerous, confined to interintestinal fields. 

Type gpectee.—Tnatoma coccineum Cuvier, 1817. 

The genus as present eonstituted eontains four species as follows: Tna¬ 
toma coccineum Cuvier, 1817, from Xtphtaa gladiua and Sphyma tygaena 
(new host); T. tnteg^m Diesmg, 1850, from X. gladvua; T. lennaenit Monti- 
celli, 1891, from Thynnua sp.; and T. unemaium Monticelli, 1880, from 
^Pleuronectea sp. The first two of these species occur on North American 
hosts and descriptions of them are included in this paper. 

Tristoma coccineum Cuvier, 1817 Figs. 20-32 

Synonyma —Triaioma papiUoaum Diesing, 1836; Capaala papiUoaa (Dies¬ 
ing, 1836) Nordmann, in Lamarck, 1840 

Deacnptton, —Body bluntly ovm, 10 to 12 mm long by 7 to 0.6 mm 
wide, convex dorsally and concave ventraJly. Dorsal surface, especially of 
l> 08 tovarial re^on, covered with prominent papillae, and with 43 to 54 
rows of marginal spines, each containing from 2 to 4 spines; innermost 
spine 1-cuspid, second and third spines 2- to 7-cuspid, and outermost spine 
comb-like. Anterior haptors more or less circular, suckcr-hke, 1.27 to 1.60 
mm in diameter. Posterior haptor disc-like, 1.8 to 2.38 mm in diameter, 
provided with marginal membrane 170 to 365^ wide, posterior margin not 
reaching posterior end of body; central area of haptor a complete heptagon 
with 7 septa radiating from it as in related species; large hooks straight, 
133 to 152a long; marginal booklets 15m long. Oral aperture median, 
slightly prepharyngcal, at or slightly anterior to level of posterior margins 
of anterior haptors. Pharynx almost globular, 1 to 1.3 mm long by 1.1 to 
1.5 mm wide; intestine as in related species. Genital aperture sOghtl^ pos¬ 
terior to left anterior haptor. Cirrus pouch club-shaped, its base lying to 
left of median Ime posterior to pha^nx. Testes numerous, confined to 
interintestinal field. Ovary lobulatc, ^0 to 765m long l>y I*! to 1.56 ram 
wide, median, about 500 to 700m posterior to phar}^. Vitelline follicles 
largely in extraintcstinal fields except for relatively few follicles along course 
of median intestinal diverticula. Vi^na slender, its proximal end expanded 
to form a seminal receptacle; vaginal aperture about 1 mm posterior to 

f cnital aperture. Ootype ovoid, to left of median line; metraterm slender. 
Iggs 114m long by 06m wide, more or less triangular and with 4 prolonga¬ 
tions. 

Hoaia.—Xiphiaa gladiua Linnaeus and Sphyma tygaena (lannaeus). 
Loeafton.—jGills. 

Dtatnhuiton. —United States (Woods Hole, Mass.). 

Specimena.—}]. S. N. M. Helm. CoU. Nos. 4877, 7168, 35124, 35645, 
36646 and 35647. 
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In attempting to trace the synonymy of TrisUma coccineum, a complica¬ 
tion has arisen which appears to necessitate questioning the validity of the 
species generally regarded as T, cocciT^um and 7*. papillosum. The situatioTi 
is briefly as follows: 

Cuvier (1817) erected the genus Tnstoma for certain ectoparasitic flukes 
occurring on Mala mola and Xxphtas gladxu&^ and in this description he 
named one species, cocctneum; the description was illustrated by a rather 
diagrammatic figure. This description is as follows: 

^^TRISTOME. {TRISTOMA. CUV.y^ 

Leur corps est un disque large et plat; 4 sa face inf6rieuro est en avant un 
grand sucoir cartila^eux, que ne tient au corps par un court p^dicule, et 
sous son Dord postMeur s’en trouvent deux petits. Dans le parenchyme du 
corps rampe un vaisseau circulaire ramifi6 dont la nature est difficile 4 
d^tenniner. 

Une csp4ce d'un pouce et plus de largeur, color^c en rouge vif {irisUnna 
coccineum. Cuv.), s’attachc aux branehies de plusieurs poissons de la 
M6ditcrran4e, tcls que la mdU^ le xiphias, etc. 

In this description the anterior end of the body was mistaken for the pos¬ 
terior end but this error was corrected in a later description (Cuvier, 1847). 

From our present knowledge of the tnstomes it is clear that at least 2 
species were confused under the name T. coectneum^ one from Mola mola^ 
later described as T. molae by E. Blanchard (1847), and the other from 
XtphiOA gladiuSi which was either the T. coccineum of authors or the species 
later described by Diesing (1836) as T. papillosum. Unfortunately, however, 
Cuvier’s description is so general that it is of little value and the identity 
of his T, coccineum rests mainly upon the figure which accompanies it. This 
figure shows that the form which he selected could not have been from 
Mola mola but was one of the species from the sword fish, since the form from 
Mola mda is more or less cordate in shape and the postenor haptor relatively 
large as compared with the length of the body; the posterior end of the 
body of the species from Af. mola also shows a deep notch. In the species 
figured by Cuvier the body was longer than wide, the posterior haptor rela¬ 
tively small as compared with the length of the body and no posterior notch 
was shown. These details eliminate E. Blanchard’s T. molae from further 
consideration. 

In 1826, Risso added to the description of T. coccineum as given by Cuvier 
the following: “Aux caractftres donnfe par M. Cuvier j’ajouterai que la 
partie sup^rieure dc ce tristome est munie de petits tubercules blancs, con- 
tractiles su gr6 de I'animal, et que son sucoir cat blanchdtre.” 

Later, Diesing (1836) described as T, paptUosum a species from Xtphias 
gladius, which was provided with tubercles or papillae on its dorsal surface, 
a condition which corresponded to Risso’s (1826) observation of the form 
which he regarded as T, coccineum. Previous to describing T. papillosum^ 
Diesing (1836) redescribed T. coccineum^ but the species be had was the one 
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from Mola mola, and very clearly the species which E. Blanchard described 
as T, mo\ae. 

The most complete accounts of the two species from XtpAtos gladiuB are 
those given by Taschenberg (1876) who described as T. coccineum a form 
almost circular in shape and bearing on its dorsal surface, along the lateral 
margins numerous, short, closely approximated, transverse rows of similar 
spines, while T. paptUosum was described as a form longer than wide, with 
the dorsal marginal spines in less numerous rows, each row composed of dis¬ 
similar spines. Subsequent writers have adhered to the descriptions of these 
species as given by Taschenberg. 

From the above review of the pertinent facts bearing on the identity of 
T. coccinevm, it appears that in view of the illustration given by Cuvier and 
the addition to the description given by Risso, both in agreement with the 
form now generally known as T. papillosum Diesing, T. papilloaum must fall 
as a synonym of T. coccineum Cuvier, and the species described by Taschen¬ 
berg as T. coccineum must be regardcil as a separate species and take the 
oldest available synonym which is Tnstoma integrum Diesing. 

Tristoma coccineum (syn. T. papillosum of authors) is the most abundant 
species occurring on the sword fish. It is apparently quite host specific and 
probably occurs rarely on hosts other than Xxphias gladius. All of the speci¬ 
mens of this species in the United States National Museum Collections, 
with the exception of 1 specimen in the MacCallum collection from the ham¬ 
mer-head shark, Sphyrna zygaena^ are from Xxphias gladius. The fact that 
this parasite occurs so rarely on hosts other than the sword fish makes the 
reported occurrences of this species from Mola mola doubtful. 

Triatoma Integrum Diesing, 1850 Figs. 33-35 

Sj/nonyms. —Trisioma coccineum Cuvier, 1817, in part; T, coccineum 
Cuvier, of Taschenberg, 1879 and of subsequent authors; T, n^ndum Qoto, 
1894. 

Descnpiion, —Body more or less circular, 575m to 7 mm long by 6 to 6.5 
mm wide. Dorsal surface convex, without papillae, with numerous transverse 
rows (more than 300 in one specimen) of spines along lateral maigins, usually 
6 spines to each row, the number per row diminishing towards the anterior 
and posterior ends of body. Spines similar, 3- to 5-, usually 4-cu8pid, about 
20 to 26 m long by Hm wide at base. Ventral surface concave, smooth. An¬ 
terior haptors somewhat elliptical, 850 to 935m long by 765 to 850m wide. 
Posterior haptor disc-like, 1.4 to 1.6 mm in diameter, surrounded by a 
pleated membrane about 300m wide; ventral surface without papillae; cen¬ 
tral area a regular heptagon with 7 septa radiating from it as in related 
species; large hooks blade-like, 110 to 133m long, marginal booklets 15m 
long. Oral aperture median, slightly anterior to level of posterior margins 
of anterior haptors. Phaiyu more or less globular, without constricuon, 
about 510m in diameter. Intestine as in other species of genus; anterior 
branchea not extending into anterior haptors. Male genital aperture im¬ 
mediately posterior to margin of left anterior haptor. Cirrus pouch club- 
shaped, its base lymg posterior to pharynx and sli^tly to left of median 
lino. Testes numerous, confined to iuterintestinal field. Ovary lobulate, 265 



Fig«. 20-32.— Tri^ioma coeetneum. 29, oomplete worm, after Cuvier, 1817; 
80, ventral view, onginal; 31, dorsal marginal spinee; 32, large haptoral hook; 
Figs. 33-33— T, xrUegrum, 3^ ventral view; 34, dorsal marginal spines: 36, large 
haptoral hook; Fin. 36-80 — CamaloideH c^nutum. 34, oomplete worm, after Verrlil| 
18s6; 87. ventriu view, original; 33, dorsal marginal spines; 30, \me haptoral 
hooks; Figs. 40-43.— Cap$aioidM magnoiptnoius. 40, ventral view; 41, dorsal view; 
42, dorsal maiglnal spine; 43, large haptoral hook. 
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to 370/i lone by 680 to 765m wide, median, about 400m posterior to phaiynx. 
Vitelline follicles l^ely in extraintestinal fields except for few follicles along 
course of median intestinal branches, extending into cephalic lobe but not 
into anterior haptors. Vagina slender, opening postero-median of genital 
apertures. Ootype immediately posterior to cirrus punch: metraterm slender, 
opening, according to Taschenberg (1870) and Goto (1894), immediately 
posterior to male aperture; opening not observed by the present writer. 
Egg more or less tnangular, 90m wide, with 4 prolongations, 

Hoiii,—Xtphias gladtus laimaeus. 

Locolton.-^ills 

D%Binhuium .—United States (Woods Hole, Mass.). 

Specimens.—U. S. N. M. Helm. Coll. No. 35299. 


This species apparently is quite rare on the sword fish, Xtphxos gladiuB^ 
from Amcnenn waters, as only 2 specimens were found in the collections of 
the United States National Museum, in spite of the fact that a number of 
lots of specimens of T, cocctneum (syn. T. paptUosum) were available from 
that host. Both of these specimens of T. integrum were collected July 9,1913, 
by G. A. MacColIum at Woods Hole, Mass.; the above description is based 
on tho.se specimens. This description corresponds in general to that given 
by Taschenberg (1879) and by Goto (1894), except that the specimens avail¬ 
able were considerably smaller than those described by Taschenberg and by 
Goto, the size given by the former being 17 mm long by 19 mm wide and 
that by the latter 11.6 mm long by 13 nun wide. 

The most outstanding differences between T. integrum and T, cocctneum 
are in the number of rows of dorsal marginal spines, and in the morphology 
of those spines The rows of spines on T, integrum are very numerous (more 
than 300 on each side of the body in one specimen) and the spines in each 
row are similar in form. There are fewer rows of spines on T. cocctneum 
(43 to 54 in the specimens examined) and the spines are dissimilar; the most 
median spines have only 1 cusp, the outermost spine has 10 or more cusps, 
and the others have from 2 to 7 cusps. 


Genus Capsaloides Price 1938 

Synonyms,—Capsala Bose, 1811, in part; Tnstoma Cuvier, 1817, in part; 
Calsalotdes Price, 1936 (printer’s error). 

Diagnosis ,—Dorsal marginal spines present, crown-like, in a single lonri- 
tudinid row. Posterior septa of postenor haptor bifid distally; large hooks 
with claw-like tips, Phar^x globular or subglobular, never with constric¬ 
tion. Testes numerous, forming a W-like pattern, confined to interintestinal 
field. 

Type spec^,—Capsaloides comutum (Verrill, 1875), Price, 1938. 

Four species are included in the genus Capsaloides as follows; Capsaloides 
comuium (Verrill, 1875), from Tetrapturus imperaior; C. magnaspinosus, 
n. sp., from T. imperator; C, stnuatum (Goto, 1894), from Histxophorus sp,; 
and 6. perugxax (Setti, 1898), from Tetrapturus belone. Only first two of these 
are from North America. 
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Capsaloides comutum (Verrill, 1876) Price, 1938 Figs, 36-39 

Synonyms.—TrisUma comutum Verrill, 1876: Capaala comuta (Vcrnll, 
1876) Johnston, 1929. 

DeBcription. —Body elongate oval, 5.3 to 8 mm long by 3 8 to 6 mm wide, 
dorsal and ventral surfaces covered with minute papillae, margins entire or 
slightly sinuate. Dorsal marginal spines crown-shaped, 38 to 76^ wide, 
arranged in a single row of 21 spines on right side and 20 on left; anterior 
spines on left side smaller than others, in a group of 4 to 6, and separated 
from larger spines by a relatively wide space at level of genital aperture. 
Anterior haptors sucker-like, 595 to 850/i in diameter. Posterior hap tor 
disc-like, 1.19 mm in diameter, surrounded by a festooned marginal mem¬ 
brane about 85ju wide, sometimes projecting sli^tly beyond posterior margin 
of body. Central area of posterior haptor an irregular heptagon with 7 ridges 
or septa radiating from it; each of the posterior septa bifurcating diatally 
and enclosing a small triangular lacuna. Largo hooks 133 to 178 m long, tips 
claw-like and slightly curved: marginal booklets 14 in number, 15 m long. 
Oral aperture median, slightly anterior to level of posterior margins of 
anterior haptors. Pharynx more or less globular, 434 to 510m long by 510m 
to 595m wide; intestine as in related species. Common genital aperture 
slightly posterior to margin or left anterior haptor, about midway between 
body margin and phar 3 riuc. Cirrus pouch club-shaped, its base lying to left 
of median line at posterior margin of pharynx. Testes numerous, m uitcr- 
intestinal field, forming a pattern suggestive of the letter W. Ovary lobu- 
lated, 340m long by 680m wide, median, pretesticular. Vitelline follicles 
laively in cxtraintestinal fields. Vagina slender, opening at level of oot 3 rpe 
and ventral to left mteatmal branch. Ootype large, oval, postero-mcdian of 
base of cirrus pouch; metraterm slender. No eggs observed. 

Host —Teirapturus tmperator (Bloch and Schneider). 

Location.—Gills. 

Disinbuiton —United States (Block Island, and Woods Hole, Mass.). 

Specimens. —U. S. N. M. Helm. Coll. Nos. 7178 (type) and 35136. 

In 1876, Verrill described an ectoparasitic trematode which he named 
Tristoma comutum as follows; 

Body thin, broad elliptical, or oblong emar^ate posteriorly; anterior 
end narrowed, produced, and with a short, tapering, tentaclc-hke process at 
each angle; upper surface with minute rounded granules and small scale- 
like wrinkles; smooth beneath. Posterior sucker small, less than one fourth 
breadth of the body, its border divided into much fewer and larger teeth 
than in the preceding species T. laeve]; anterior suckers two thirds as broad 
as the posterior, nearly two diameters apart. 

Ck)lor light red or flesh color. 

Neither the host name nor an illustration of the species accompomed the 
description. Later Verrill (1885) gave a rather diagrammatic figure of the spe¬ 
cies and stated that the host was Tttrapturus albidus (* T. xmperaior). Owing 
to the incompleteness of the descnption and figure the species has not been 
identifiable, and up to the present time no additional reports of its occur¬ 
rence have been made. 

In going over the monogenetic trematodes in the Helminthological Collec¬ 
tion of the U. S. National Museum, 1 specimen (U. 8. N. M. 7176) labelled 
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^*Trisioma comutum Verrill, type, gill of bill fish. Block Island" was found, 
and in the MacCallum collection there were several specimens (U, S. X. M. 
35136) labelled **Trtstomufn cocctneum^ gills, Spear fish— Teirapturiis im~ 
peraior,” which proved to be the same species as that described by Verrill 
as T. comutum. The type specimen was not in good condition, but sufficient 
detail could be made out to show that the specimens collected by Mao- 
Callum were 7. comutum. The above description is based largely on the 
specimens collected by MacCallum. 

There are several characters which Truioma comutum shares with certain 
other members of the family; these seem to be constant and for that reason 
the genus Capaaloidea was proposed to include Trisioma ainuatum Goto, 
T, perugtat Setti, and T, comutum, the latter being designated as type; to 
this genus is also added C. mognaapinoms, n. sp. The species described as 
T. papillosum Dirsing by Kdlliker (1849) also belongs in this genus, but 
whether it represents a distinct species or is identical with one of the other 
species included in the genus Capsaloides cannot be determined from the 
original description; it bears considerable resemblance to C, comutum, but 
may possibly be identical with C, perugiai which was described from the 
same host as Kdlliker’s 7. papillosum, 

Capsaloides magnasplnosus n. sp. Figs. 4(M3 

Description —Body oval to piriform in outline, 5.4 to 6 6 mm long by 4.6 
to 5.3 mm wide. Dorsal surface covered with relatively large, wart-like 
papillae about 85 m in diameter; ventral surface smooth. Margins of body 
serrate, each projection bearing doisally a crown-shaped spine 95 to 125m 
wide; about 30 spines on each side, each q;>ine set in a depression bearing a 
number of small papillae on its margins. Anterior haptors sucker-like, oval, 
425m by 595 to 680m. Posterior haptor 2,1 to 2.38 mm in diameter, sur¬ 
rounded by a festooned marginal membrane about 510m wide; posterior 
margin of haptor not reaching posterior end of body. Central area of haptor 
an irregular hept^on with 7 septa radiating from it as in other tristomes; 
each of the posterior s^a bifurcates distally and encloses a small triangular 
lacuna. Large hooks 161 to 311m long, tips claw-like and curved; marginal 
booklets (7)14 in number, about 16m Wg. Oral aperture median, near level 
of posterior margins of anterior haptors. Pharynx globular, 510m to 1 mm 
lon^ by 730m to 1.19 mm. wide. Intestine as in other tristomes. Common 
gemtal aperture near posterior margin of left anterior haptor. Cirrus pouch 
club-shaped, its base at median line posterior to pharynx. Testes numerous, 
in 2 lateral groups connected medidly, forming a W-shaped pattern, con¬ 
fined to interintestinal field. Ovary lobulate, median, 510 to 850m long by 
680m to 1.02 mm wide, about midway between posterior end of phaiynx and 
connecting band of testes. Vitelline follicles occup^dng greater part of body 
except for portions occupied by other organs. Vagina slender, owning some 
distance posterior to genital aperture. Ootype oval, posterior to base of 
cirrus pouch; metraterm slender. Eggs not obwrved. 

HoH.—Teirapwus imperolor (Bloch and Schneider). 

Locaiion. —"Norea.” 

DisMkulion, —United States (Woods Hole, Mass.). 

Spedmms, —U. 8. N. M. Helm. Coll. No. 35648 (type and paratypes). 
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This description is baaed oa 3 specimens collected “ex nares” of Tfifra- 
p<unw mperofor, by G. A. MacCallum, July 25,1924, at Woods Hole, Mass. 
CapaoJUndea magnaaptmaua is easily distinguished from all other species by 
the relatively large posterior haptor and by the sise of the dorsal marginal 
spines, which are very large as compared with those on other species of the 
genus. The dorsal papillae are quite prominent and much larger than those 
of C. cornuium (Verrill). 


LITERATURE CITED 

Abildgaabd, Psteb Christian. Almindeltge Betragtmnger over Indvolde-Orme, 
Bmaerkmnger ved Hundate%lej%8 BaeTuIelormt og Beakrtvelse med F%gurer of nogle 
nya BaenMorm Skr. Maturh SeUk , K^fAbentuvu, 1(1); 2t>-64 1700 

Blanchard, Euiud. Hecherchen aur Vorgantialton dea vera. Ann d sc nut , Par , 
Zool, 3 8.. 8:271'341. 1847. 

Bobo, Louis Auqubtinr Guillauub. Sur deux nouveau genrea de vera N. Bull 
d. sc Soo Philom., Paris, An 4(61). 2:384-385. 1811 
Can AVAN, W. P. N On a iremat&de AllopyRe uodulatus n ap parantxc \n L%lford*a 
craTM (Me^omiB gniB lilfordi). Parasitoloiry 26(1) 117-120 IQ34 
CuTiBR^ G Le rigne animai dtatrtbu^ d*apreM aon organiaatton, pour aervtr de base d 
VhtstotraTiaturwedeaantmauxet d'tntroductwndl^analomte comparSe 4: viii+265 
pp , 16 pis Pans. 1817. 

- Le rbgne animal Disciples edit 19 ^oopbytes) 72-80. 1830-49. 

DinaiNu, Karl Mobiti. Afono^apkte dtr Oaitung TriRtonia Nova acta Phys-^ 
med Aoad nat ourios., Vratislaviae et Bonnae 18(1) 1-10 1830 

Dujardin, Felix. Ntalotre nalureUe dee heiminihea ou vera tniealtnaux, xvi-h064+16 
pp., 12 pis. Pans 1845. 

Folda, Florrncs. Meaaloootyle inarginat% a new genua of edo^aatiie irematodea 
from the rock fiah. Publications J^get Hound Biol StntioQ, IJniv. Washington, 
(Seattle) 6:196-206 1928. 

Goto, Shttaro Studies on the ectoparaeitic trematodea of Japan J Coll So. Imp. 
Umv , Japan, Tokyo 8(1); 1-273 1894 

Gubbblbt, JonN E Two new eetoporoetlte irematodea from the aiing ray, Myliobatis 
californiouB. Amer Midi. Nat 17: 054-004. 1930. 

Hrath, Harold. The anatomy of Epideila equamula, ep. nov. Proc Calif Aoad. 

Sc San Fran., Zool 3 s 3(4)* f09-136 1002 

Huqhbb, Winifred Kent. Some iremalode paraailea on the gtUa of Victorian fiahea 
Proc Roy Soc Victoria, Melbourne, n. a. 41(1) 46-64 1928 

iBHii, N Some new ectoparaeitic trematodea of marine fiahea (Japanese text; English 
summary) Zool Mag, Tok>o 48(8-10)* 781-7W 1930 
IsHil, N., and Sawada, T. Studies on the edoparaaiitc tremalodea In Tuvro Jubilar 
Prof. Travassos Rio de Janeiro, BraBiK 231-243 193H 

Jabn. Th. L., and Kuhn, L. Roland The life hietory of Epibdella molleni Mac- 
CaUum, J9t7, a monogtneiie tremaiode porastltc on marine fiahea. Biol. Bull. 62(1): 
89-111. 1932. 

JoHNBTON, T. Harvey. Remarka on the synonymy of certain trialomaiid tremaiode 
genera Tr and Proc. Roy. Soc South Austria S3:71-78 1029 

--. New trematodea from the aubanUxrdic and antarelie Austral J. Exper. Biol. 

and Med So. 8(2): 91-98. 1031. ^ , 

VON KOllikbb, Rudolf Albert Ueber Tristoma papiUoeum Dies Bor. v. d k 
Bootom. Anflt xu Wtlrxb , I^ips. (1847-48) 2: 21-27. 1849. 

Lamarck, Jban-Baptibtb-Pibbrb-Antoine de Monet Htaiotra naturelle dea ant- 
maux sans trerisbres. S: 012 pp., Paris 1818 
VON J^BTOW, O. P. B. Beiirag aur Anatomie von Phylline Hendorffi. Arch. f. mikr. 

Anat, Bonn 33(2): 103-180. 1889 „ . w 

Linton, Edwin. Ifotea on the trematode paraailea of fiahea. Proc U. S Nat. Mus., 

Wash, (1133) 20:607-648. 1898. . 

-. Fiak parciUea erMected at Woods Hole tn 1898 pp 207-304. 1900. 

-, FaraaiUa (j fishes of the Woods Hoie Region pp 406-493. 1901. 


tSbarbon (1082, Add A Mu Nat HM ,0 ■. (59). 55®-666) huropplW the <lst«e forthia edition^ 
Curler, bMai thou ruonUd by tb« BrlUah Muemn st the Ume the vorlou ptrU were neeirsd Pu« 72-80, 
the port relerred to In thb pepor appeal^ In 1B47. 



92 JOUBNAL OK THE WASHINGTON ACABEICT OF SOIENOIB VOL. 29, NO. 2 


MacCalluu, G. a. in /fefmtnt^ofoav. tori i. TremaiotUB, Pari 8. CmUmUm, 

Part 3. NtmatodBB. Zoopatbologioa, N. i. 1(6); ('137)-284. 1021. 

- A MW edoparanttc trBmatoae. fipibdeUn melienL ip. nov, Zoopathologioft, 

N. y. 1(8): 201-300 1027 

DE La MABTiNitea. Mimotre sur qwlqueB Oba aur Phya (eto.) 31: 307- 

200. 1787. 

-. Atku du voyage de la Pfrouae. 09 pla (1707^. 

Mbskbys, Fbank G. Noma f/iono^anatic trematodea from the Qalavagoa Islands and the 
TutghhortM Poci^ Allan Hancock Pacific Kxpeditiona 2(6). 31-73. 1938. 

Monticslli, F. 8. il genera Nitsachia von Baer Ann miu Eool. d. r. Univ. dl 
NapoL, n. a. 2(27). 10 pp. 1008. 

-. Id^xfieaexona dx una k. ap. del genera finootyllabo (Lntonii Monlxe ). Boll. 

Soc dl nat in Napoli (1008), 22, 2 a., 2:86-88 1000. 

Niobslu, Rosb F , and BRaoER, Charijib M , Jr The auscaptxbtlUy and tmmunUy 
of certain marine Jtshes to BpibdeJla mellenl, a monogenetxe irsmaiode. J. Faraaitol. 
20(6): 250-200. 1034 

Okb^ Lobxns. Lekrhuch der NaiurgeachichU. 3. Theil: Zoologie, 1, Abt.: Fleiachloae 
Thiere 1 p 1,842+xviu pp ; Atlas, iv pp, 40 pis Leipaig & Jena. 1815. 

P ARON A, C, and Percqia, A Dt oleum cramotodt actoporaaaiii dx pesa mortm. 
Nota preventiva (Rea Liguatioae. 8). Ann. mus civ. di storia nat di Genova, 
27, 2. a. 7: 740-747 1880. 

-. Soyra due nuove syeexe dx Irematodx ectoparaasxix dt pasex monm. (Phylline 

monticellil a Placunella vallei). Atti Soc Ligust. di bo. nat e geogr., Genova 
6(1) '84-87. 1896. 

Pebiue^ Edmond. TratU da aoologte> Pt. 2, faac. 4, pp 1346-2136. Paris. 1807. 

Pbicb, Emmett W New monoganetxe iramatodaa from martne fishes, Smithaonian 
Miac. Coll. 01(18): 1-3. 1034. 

-. North Amerxean monogenetxe Irematodes Geo. Wash. Univ. BulU (Sum¬ 
maries of Doctoral Theses, 1934-36), pp. 10-13. 1036. 

-. Redesenpitone of two exotic species of monogeneixe Irefnalodaa of the family 

Capsahdtu Baxrd from the MaeCaUum CoUedxon, Proc. Helmintlu Soc. Wash. 
4(1). 25-27. 1037. 

-. North American monogeneixe iremaiodea, / The auperfamtly Qyrodadyloidea. 

Jour Wash Acad Sci 27(3): 114-130; (4). 146-164. im. 

- North American monogeneixe trematodeSn II The families AfonoeotyMtie, 

hfteroboihrxtdas, AcarUhoooiyltdae and UdoneUtdae (Capaaloides). Jour. Wash. 
Aoad Soi 28(3); 100-126; (4)* 183-108. 1038. 

-. The tnonogeneiic trematodea ^ Ldtin Amerxea In Livro Jubilar Prof, Tra- 

vaasos Rio de Janeiro, Brasil 407-413. 1088. 

Ribso, a. Huioire naiurelle dea prxncipdUa productions de VBurope mendionale et 
prxnexpaUmenie de ceUea dea environs da Niu et dea Alpea-Marxlxmea, 8: vlii-|-403 
pp , 1() pis , Faria. 1826. 

Rodolphi, Cabl Ashund EnUaoorum ajmopaia eui aeeedunt manlxaaa duplex et 
xndxeea tocujdetuaxmx, x+811 pp., 3 pla. Serolinl. 18X0. 

Saint-Remt, (iBORaBB. Synopata dea trematodea monogCniaea, Rev. bid. du nord 
de U France, Lille 3(12); 440-467. 1801. 

Setti, Ebnxbto Seconds eontnbuto per una revisions dei tnstomi e desensume di una 
nuova specie Atti Soc. Ligust. di sc. nat. e geogr., Genova 10(2): 117-126. 
1800, 

STArroBD, J. Trematodea from Canadian fiahee, Zool. Anx., Leipi. 27(16-17); 
481-496. 1004. 

Taschbebebu, Otto. Zur Syaiemattk der monogeneixrchen Trematoden, Ztaohr. 
f. d. gea. Naturw , Beii 62, 3. F. 4:232-265. 1870 

Vbhbill, a. £. Brief eoninbutiona to soohgyfrom tha miuaum of Yale CoUms, 8S, 
Reaulia of dredging axpedtticna of the New Sngland coaat in 1974* Am. J. Sc. and 
Arto,N. Haven, 110, 3. u (56), lOr 36-43. mS. 

-. Results of explorations ttiM by the steamer off the northern ecast 

rff the United SiateSf in 18^. Rep. U. S. Fish Com., Wash. (1883), pt. 11, pp. 
W3^00. pla 1-44. 1886. 

Yamaouti, d. NiudiCJ on the helminth fauna qf Japan. Part 8, Trematodes of fishes^ 7. 
Japan J. Zool. 5(8): 240-641. 1034 

-. Studies on tba helminth fauna of Japan. Pari 19. Fourteen new erioparanixe 

irematodes of fishes. (Publlahed by author.) Lab. of Paraaitoi., Kyoto Imp. 
Umv., pp 1-28, pis i-6. 1087. 



JOURNAL 

OF THE 

WASHINGTON ACADEMY OF SCIENCES 

Voii. 29 March 15, 1930 No. 3 

GEOLOGY .—Our petroleum supply.^ Hugh D. Miser, U. S. Geo¬ 
logical Survey. 

The petroleum supply of the United States is of great importance, 
whether we express the volume and value of the annual output in 
barrels or dollars, or measure the service of petroleum in terms of 
human welfare and progress. 

Petroleum is produced in many countries, and its products are used 
in factories, on highways, and in homes in all lands. Although the 
petroleum industry thus encircles the earth, it is outstandingly an 
American industry. The drilling of wells for oil in the United States 
began in 1859. Our country leads in the development of the industry, 
and it produces and consumes three-fifths of the world’s annual out¬ 
put. Also, the United States possesses about half of the world’s known 
reserves of petroleum. 

present production and uses of PETROLEUM IN UNITED STATES 

Our domestic petroleum production is obtained from about 360,000 
wells in 22 States; only a small part—about 5 per cent—of our do¬ 
mestic consumption is imported from other countries. 

The value of our petroleum output for 1937 measured in dollars is 
one-fourth the value of the entire annual mineral production of the 
United States. It exceeds the total value of all the metallio mineral 
products combined for that year. The next mineral product in point 
of value is coal, the next is iron, and then follows natural gas. 

Chief among the many uses of petroleum is the production of pow¬ 
er. Such power drives our 30,000,000 motor vehicles on the land, our 
Navy on the ocean, and our planes in the air. Altogether, one-third 
the mechanical energy produced in the United States comes from pe¬ 
troleum and its companion mineral product, natural gas. 

Our domestic production through 1937 totals 19,972,000,000 bar¬ 
rels. Texas stands first, having produced 5,127,000,000 barrels, a 

^ Addras of the retinog preeldeat of the Oeologioal Society of Waehingtoni d^ 
livered December 14, 10^. tSiblished permlMion of the Director, Oeolorioal Sur¬ 
vey, United States Department of the interior. Received Deoembw 15, 1938. 
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quarter of all the Nation’s output of oil. California has produced 
4,872,000,000 barrels, 24 per cent, and Oklahoma 4,341,000,000 bar¬ 
rels, 21 per cent. The output of no other State has equaled the do¬ 
mestic demand of petroleum products for the year 1937—namely, 
1,169,000,000 barrels. 

Altogether, Texas, California, and Oklahoma have contributed 72 
per cent of all the oil output of the United States. The total produc¬ 
tion of each of these States is greater than that of the U.S.S.R.— 
3,771,000,000 barrels through 1937—which ranks next to the United 
States in point of cumulative production. Mexico ranks third in total 
world output, with 1,863,000,000 barrels, and Venezuela fourth, with 
1,491,000,000 barrels. No other oil-producing country has produced 
as much as one billion barrels. 

The principal petroleum products and their uses form long lists 
whose presentation time does not now permit. A general grouping of 
the rchned products includes gasoline, kerosene, fuel oils, lubricants, 
paraffin wax, petroleum coke, asphalt, road oil, petrolatum, absorp¬ 
tion oil and medicinal oil. 

Kerosene, the first petroleum product to be utilized in important 
quantities, is still extensively used for lighting. In addition, it is uti¬ 
lized in increasing volumes to provide power and heat. 

The domestic demand for gasoline in 1937 was 519,000,000 barrels, 
for use chiefly in our motor vehicles. The automobile depends heavily 
on the petroleum industry; it consumes 89 per cent of our gasoline, 40 
per cent of our lubricants, and requires natural gas derived carbon 
black which lengthens 2) to 3 times the lifetime of our tires. The do¬ 
mestic demand for gasoline is directly related to the number of motor 
vehicles, which average one to about every five persons. The volume 
of consumed gasoline, since the introduction of the first American 
automobile in 1892, parallels the increasing numbers of motor cars. 
In late years the slight departure from parallelism is due to the greater 
volume of gasoline used by each car and to the increased use of gaso¬ 
line in airplanes, tractors, motor boats, and stationary engines. Sec¬ 
ond only to gasoline were the requirements for fuel oil—442,000,000 
barrels in 1937—which is used by railroads, steamships, gas and elec¬ 
tric power plants, mines, smelters, manufacturing plants, oil compa¬ 
nies, and U. S. Navy, and for domestic heating. The development of 
our machine age has depended on a plentiful supply of lubricants 
made from petroleum. The great volume of demand—23,323,000 bar- 
, rels in 1937—can be met only by obtaining it from petroleum. 

Our petroleum output, as thus briefly described, is provided by one 



Mab. 15, 1939 


MIBEB: PETBOLliTTH 


06 


of the Nation’s most important industries. The investment in the 
United States in the five divisions—the producing, natural gasoline, 
transportation, refining, and marketing divisions—of the petroleum 
industry totals about $14,000,000,000. 

EABLY DEVELOPMENT AND USES OF PETBOLETTM 

Before 1859 petroleum and its associated hydrocarbons had been 
used by the peoples of many lands for at least several thousand years 
before the Christian era. Seepages and hand-dug pits and shafts pro¬ 
vided the entire supply of these materials, except in India and China 
where oil was obtained from drilled wells. The Chinese, by sinking 
wells to depths of 1,500 to 2,000 feet for brine, oil, and gas, were 
recognized as the ancient world’s most accomplished well drillers. 

The early uses for petroleum and its products were many, as will be 
noted below. 

Asphaltic pitch was used to waterproof the ark of Noah, the cradle 
of Moses, and the cisterns and silos of ancient Egypt and Mesopo¬ 
tamia. Also, it was used by the Egyptians in the process of mummi¬ 
fication, Asphalt was used as a mortar in the construction of Nineveh 
and Babylon and also in the buried cities of Ur, as early as 4000 B.c. 
Oil from Sicily was used by the Homans to light the temple of Jupiter, 
and many centuries later flame throwers fed by naphtha were em¬ 
ployed against the Crusaders when they stormed the walls of Con¬ 
stantinople. Petroleum was distilled into products of commerce at 
Baku as early as the 18th century; oil was there used in lamps and also 
was utilized for cooking in 1723. In Rumania the exploitation of oil 
by shafts dates as far back as the second half of the 16th century. To 
Rumania is ascribed the first recorded volume of output of crude pe¬ 
troleum. In 1857 that country produced 1,977 barrels and since then 
it has an unbroken record of production. 

The early American Indians were familiar with natural petroleum 
seepages. They set their mosaics in asphaltum; they used it as an ad¬ 
hesive substance; they lined their baskets with it; and they had great 
faith in petroleum for performing all manner of cures. 

Oil and gas were known and used before 1859 in many other coun¬ 
tries. A search and study of the literature concerning their recovery, 
transportation, treatment, and utilization before that date reveals a 
fascinating story of the progress of human civUization. 

At the beginning of the 19th century, when the supply of whale oil 
for lighting needs was dwindling, the world was faced with the neces¬ 
sity of fin din g a reasonably priced substitute for it. This necessity 
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stimulated the research—already being conducted—in the distilla¬ 
tion of oil from coal and shale. Paraffin was extracted from both bi¬ 
tuminous shale and crude petroleum in France in 1830. Burning oil 
in commercial quantity was first produced from shale in France in 
1838. The refining of oil at the Biddings Colliery in Derbyshire was 
begun in 1848 by James Young and he later obtained oil from coal 
and bituminous shales. He founded in 1851 the Scotch industry for 
the extraction of oil and paraffin from boghead coal. His process for 
obtaining illuminating oil was rewarded with conunercial success, and 
during the next 10 years its use expanded rapidly in Great Britain 
and was introduced into the United States. American coals were 
treated in plants in Pennsylvania, West Virginia, Kentucky, and 
Ohio. This rising industry was soon replaced by the petroleum in¬ 
dustry. 

During the first half of the 19th century increasing quantities of 
crude petroleum, known as rock oil, were obtained from seepages and 
from wells drilled for salt brines in Pennsylvania, Ohio, Kentucky, 
and West Virginia, but very little of it was marketed. Between 1860 
and 1855 petroleum from a salt well at Tarentum, Pa., was refined in 
Pittsburgh and sold for lamp use. Also by 1850 some oil from the lo¬ 
cality was bottled and sold by druggists; and about 1855 the oil was 
refined by methods used for the recovery of oil from coal. 

The salt wells in Pennsylvania and the nearby States had been 
drilled with equipment designed for the purpose. This equipment, 
which embodied the fundamental features of the modern standard 
cable drill rig, was developed in 1806-1808 in the Kanawha Valley, 
West Virginia. Accordmgly, salt well drillers and their equipment 
were employed for the drilling in 1859 of the Drake well near Titus¬ 
ville, Pa., in which it was hoped that there would be obtained a larger 
supply of oil than that afforded by the oil springs of the locality. The 
Drake well, on reaching a depth of 69} feet, discovered oil and its 
initial daily output was 25 barrels. This was America’s first conuner¬ 
cial oil well. 

RELATION OF OEOLOQT TO PETROLEUM INDUSTRY 

The phenomenal growth of the petroleiun industry in the United 
States has been aided greatly by eng^eering and science. In the words 
of W. C. Teagle, formerly President of the Standard Oil Co. of New 
Jersey, "The operation of the world’s oil industry is now very largely 
in the hands of technical experts, geologists, physicists, chemists, and 
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engineers. This change in the complexion of the responsible operating 
personnel has occurred more rapidly, perhaps, than in any other field 
of comparable importance (17).” On the same subject Lord Cadman, 
head of many British petroleum companies and past president of the 
Institution of Petroleum Technologists, comments, “In no branch of 
human endeavor has the application of exact knowledge been so ap¬ 
parent as in the exploring, winning, refining, transport, distribution, 
and utilization of mineral oil. At every point in the long road that 
leads from the oil well to the consumer investigation and research have 
been employed with almost spectacular results (2)." 

The recognition of the value of (he geologists’ contribution to the 
industry finds concrete expression in the fact that most of the com¬ 
panies have geological departments. Oil companies, however, have 
employed great numbers of geologists only in the last 25 years. 

The general acceptance of geology in the search for oil took place 
about 1915, more than 50 years after the completion of the Drake 
well. This acceptance was not so much a whole-hearted welcome as it 
was a necessity, for the oil companies were being pressed to meet the 
rapidly increasing demands for gasoline required for the growing num¬ 
bers of motor vehicles. 

Although geology was utilized only to a limited extent in the selec¬ 
tion of drilling sites during the first half century of the petroleum in¬ 
dustry, geologic observations concerning the occurrence of petroleum 
date back to 1842. In that year William Logan observed the occur¬ 
rence of oil on anticlines near Gasp6. In 1860 H. D. Rogers noted that 
the newly discovered fields in Pennsylvania were located on anti¬ 
clines. In the following year T. Sterry Hunt outlined the first clear 
statement of the anticlinal theory of the accumulation of petroleum 
but during the next 25 years Hunt and the other geologists who ac¬ 
cepted the anticlinal theory made little application|of it in reporting 
on the oil possibilities of certain areas in the United States and Can¬ 
ada. In the early eighties I. C. White made practical application of 
the principles of the theory in the location of new oil and gas fields, 
but still the industry in general continued to ignore geology. From 
1000 to 1015 the significance of the relation of petroleum to anticlinal 
structure was clearly demonstrated for many areas by the investiga¬ 
tions and publications of the Federal Geological Survey. 

The number of geologists now serving the industry in the United 
States, in the employ of companies and in the employ of Govern¬ 
mental, State, and other institutions, appears to exceed 3,000—a num- 
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ber somewhat larger than the number of geologists in the United 
States who are members of the American Association of Petroleum 
Geologists. Altogether, 2,354 geologists living in the United States 
were members of this organization on March 1, 1938. 

It is noteworthy that the States having the greatest oil production 
are the ones that have most oil geologists, as indicated by the mem¬ 
bership of the American Association of Petroleum Geologists as of 
March 1, 1938. 

Texas, ranking first in production—510,318,000 barrels of oil in 1937 
has 868 geologists 

California, standing second—238,521,000 barrels of oil in 1937— 

has 314 geologists 

Oklahoma, standing third—228,839,000 barrels of oil in 1937—has 

. 430 geologists 

Louisiana, standing fourth—90,924,000 barrels of oil in 1937—has 

124 geologists 

Kansas, standing fifth—70,761,000 barrels of oil in 1937—has 

134 geologists 

In these five States there is one geologist for every 600,000 barrels 
of oil produced in 1937. 

METHODS EMPLOYED BY THE PETROLEUM OEOLOQIST 

The oil geologist, in the application of his science to the recovery of 
petroleum, has a wide field of opportunity before him and he makes 
use of facts and conclusions from many phases of geology, including 
structure, stratigraphy, paleontology, sedimentary petrology, sedi¬ 
mentation, geomorphology, and metamorphism. In his search for, 
and his location of, oil deposits he has from time to time abandoned or 
modified old methods and has adopted new methods of exploration. 
The available time will not permit the presentation of a full list of 
these methods; it will permit no more than brief mention of some ma¬ 
jor developments during the present century. Important developments 
during the early years of the century were the adoption of the struc¬ 
ture contour to portray the structural features of prospective or pro¬ 
ducing oil and gas areas and also the application of the plane table 
and alidade as instruments for determining accurately the altitudes 
of the "key beds" that were contoured. 

Aerop^e photography, first employed during the World War, was 
utilized about 1920 by the oil geologist. Subsequently its utilization 
by Governmental agencies and by oil and other companies has in¬ 
creased rapidly, and at present about half the area of the United 
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States has been covered by aerial photographs. To the geologist such 
photographs record a wealth of essential details of geologic features 
that are not obtainable by any other method of mapping. As the 
years pass, he relies more and more on such pictures and employs 
fewer and fewer plane table maps. 

Surface structural mapping reached its peak application between 
1920 and 1925, and it has thus for many years occupied a place of de¬ 
creasing importance in the search for new oil fields. This decline is 
attributable to the gradual decrease in number of fav'orable structural 
features that can be reeognized by surface geologic mapping. 

Core drilling for the determination of structure was introduced in 
the United States in 1919 and was employed on an extensive scale 
for many years in portions of the Mid-Continent region. 

The microscopic examination of well cuttings was begun on a large 
scale in 1017 and since that time it has rea(;hcd a place of fundamental 
importance. To it the oil geologist now gives about half of his effort. 
The practice of obtaining cores of oil sands and other important beds 
in order that their character may be accurately noted is used in all 
producing areas. The microscopic study of insoluble residues ob¬ 
tained by dissolving in hydrochloric acid well cuttings of limestones 
and dolomites was begun in 1924 by II. S. McQueen (9). It has been 
successfully utilized by the oil industry in the Mid-Continent region 
—from Ohio and Tennessee on the east to Kan8a.s and New Mexico 
on the west—for the determination of underground stratigraphy and 
structure. 

Micropalcontology, first introduced in universities and also by 
companies to a limited extent as early as 1919, became an integral 
part of the oil business in the United States in 1924. 

Geophysical methods, magnetic, gravimetric, electrical, and seis¬ 
mic, are widely used in the United States by the oil industry as a 
means for locating and mapping buried structural features. The 
adoption of the seismograph followed the discovery of its applicability 
during the World War for locating long range guns. In its use by the 
oil industry the long range guns are replaced by explosive charges in 
prospective oil localities. The first applications of gravimetric methods 
in the detection of anticlinal structure in this country were made in 
1917 and 1019 by the Coast and Geodetic Survey when stations on 
Damon Mound, Texas, and Paleozoic folds in Maryland were occu¬ 
pied at the request of David White of the Geological Survey (21). In 
1924 oil companies located three salt domes by geophysical methods, 
the Nash dome by means of the torsion balance, the Orchard dome 
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by the Beismograph, and the Long Point dome by both the torsion 
balance and the seismograph. Since 1924 a total of about 100 salt 
domes in the Gulf Coastal Plain and many other structural features 
from New York to California have been found by means of geo¬ 
physical methods. 

A type of well record or log, known as an electrical log, was devel¬ 
oped in 1928. This type of well record is a great aid in exploratory 
drilling and the exploitation of oil fields. It shows the electrical re¬ 
sistivity and the relative porosity of the beds passed through by the 
drill. It permits the identification of oil- and water-bearing sands and 
gives useful information concerning the character of the beds. This 
information, in many areas, is more accurate than that provided by 
sets of cuttings. 


PROGRESS OF PETROLEUM GEOLOGY 

The progress of the science of petroleum geology is revealed in 
many publications, particularly those of the Federal and State Geo¬ 
logical Surveys and the American Association of Petroleum Geolo¬ 
gists. This Association was organized in Tulsa, Okla., in 1917 with a 
membership of 94 and now (December, 1938) has a domestic and 
foreign membership of about 3,000—a number greater than that of 
any other geological society in the world. The Association issues a 
monthly bulletin containing about 150 pages in each number, and in 
addition it has issued twelve special volumes. The reports of the Fed¬ 
eral and State Geological Surveys dealing especially with petroleum 
geology are numerous and constitute n major portion of the literature 
on the subject. 

An important factor in the development and progress of petroleum 
geology has been the mounting store of geologic data supplied by wells 
that have constantly increased both in number and depth. The num¬ 
ber of wells that have been drilled for oil and gas in the United States 
exceeds 900,000. The world’s deepest well, completed this year in the 
southern San Joaquin Valley, California, reached a depth of 15,004 
feet. This well is nearly 9,000 feet deeper than the mine workings 
(slightly more than 6,150 feet) of the Quincy Mining Co., Hancock, 
Mich., and is about 6,500 feet greater than the 8,530-foot workings 
of one of the Crown Mines on the Rand. The producing zone of this 
deep California well is from 13,092 to 13,175 feet, but a more recently 
completed well of the Fobs Oil Co. in Terrebonne Parish, Louisiana, 
is producing from a slightly greater depth—namely, 13,254 to 13,260 
feet. 
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CONTBIBUTIONB OF PETBOLEUM OEOLOQT TO GENERAL 
SCIENCE OF GEOLOGY 

Petroleum geology, because of its wide field of opportunity for the 
investigation of geologic conditions on the surface and also geologic 
conditions to the depths penetrated by wells—15,004 feet—and to the 
depths reached by geophysical methods—more than 30,000 feet—has 
made notable contributions to the general science of geology. Some of 
the more important contributions will be mentioned briefly. 

Anticlines, as already noted, were first sought as favorable struc¬ 
tural features on which to locate drilling sites for oil; but, with further 
drilling and the consequently increased knowledge of the occurrence 
of petroleum, it was learned that oil occurs not only on simple anti¬ 
clines but also on many other types of structural features which m- 
clude terraces, anticlinal noses, faults, unconformities, salt domes, 
lenticular sands, and buried hills. 

Buried hills and the superposition of surface anticlines over them 
were brought to the attention of geologists by Sidney Powers (12) fol¬ 
lowing the discovery of granite hills underneath the Eldorado line of 
folding in Kansas and of hills of Ordovician rocks underneath the 
Pennsylvanian sand production at Healdton, Okla. 

Our knowledge of the geology of the salt domes in Louisiana and 
Texas has been revolutionized in the last quarter of a century. Now 
the domes are generally regarded as intrusive plugs of salt that moved 
upward from bedded salt of probable late Jurassic or early Cretaceous 
age. The salt is believed to have moved upward as much as 30,000 
feet in the coastal portions of Louisiana and Texas. Formerly the 
salt masses were believed to have been formed as a result of volcanic 
activity, gas uplift, or the crystallization of the salt along zones of 
weakness in the rock strata. 

The Gulf Coastal Plain may be cited as an example of an area 
whose tectonic map has undergone great transformation as the result 
of oil exploration. To the tectonic map of the Gulf Coastal Plain such 
structural trends as the Mexia fault zone, the buried course of the 
Ouachita belt of Paleozoic rocks, and the Gulf Coast geosyncline, 
have been added. 

From the determination of the effect of regional structural defor¬ 
mation and the attendant metamorphism on deposits of petroleum 
and coal in the eastern United States David White drew, in 1015, a 
"deadline” beyond which oil may not be expected in the Appalachian 
and Ouachita regions (22). This oil "deadline,” or extinction zone, 
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lies between the 60- and Od-isooarbs, lines connecting points where 
the coals have 60 to 65 per cent of fixed carbon. 

Also, the composition of the hydrocarbon gases in the northern 
Appalachian region bears a close relation to the structure and the de¬ 
gree of metamorphism of the associated strata. This has been pointed 
out recently by S. H. Hamilton (6), Charles R. Fettke (4), Paul H. 
Price (13), and A. J. W. Headlee (13). 

From the measurements of the temperatures of deep wells by Van 
Orstrand (20) and others in the United States it has been shown that 
relatively high temperatmes are generally associated with faults, 
salt domes, sand lenses, and anticlines of both large and small closure. 
It appears that both the local and regional variations of earth tem¬ 
peratures of the sedimentary strata thus penetrated by wells are re¬ 
lated to thermal conductivity and to the depth to the underlying 
crystalline basement. Differential uplift on either a large or a small 
scale would tend to elevate the isotherms irregularly. 

Stratigraphy, of a refined character, has received impetus in conse¬ 
quence of the requirements of the oil industry for exact information 
concerning the thickness and character of the rock strata of prospec¬ 
tive oil regions and of areas under development. This type of infor¬ 
mation is required for an interpretation of geologic history and for 
the preparation of precise structure maps. The geologic history has a 
bearing on the origin and migration of oil and the structure maps 
may reveal favorable places for its accumulation. 

Time will permit mention of only three interesting types of strati¬ 
graphic work. One of these is to be found in western Kansas where 
petroleum geologists have matched the intervals between bentonite 
beds in the Niobrara chalk in a way suggestive of the matching of 
tree rings by archaeologists in dating ancient pueblos in New Mexico 
and Arizona. In this way the geologists obtain extremely accurate 
data for mapping structure on the surface and in core drilling. 

An investigation by N. W. Bass (1) and his coworkers of the shoe¬ 
string sand bodies that yield much petroleum in Greenwood and But¬ 
ler Counties, Kansas, and Osage County, Oklahoma, has shown that 
these elongated lenticular sand bodies represent sand bars along an¬ 
cient shore lines during the Pennsylvanian epoch. A study of 22,000 
well logs in and near the oil fields supplemented by an investigation 
of nearly the full length of the Atlantic and Gulf Coasts has made 
possible the mapping of land features and shore lines of the ancient 
seas as they existed in Kansas and Oklahoma 250 million years ago. 
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The recognition and determination of changes in facies of sediments 
occupy the attention of all stratigraphic geologists. Many such changes 
may be noted in the exposed rock strata, as in the Permian section of 
Utah and in the Cretaceous section of the Book Cliffs of Colorado and 
Utah. The most striking and best known example of such facies 
changes in this country is offered by the Permian rocks of the Dela¬ 
ware Basin of New Mexico and Texas. The basin was surrounded by 
a reef zone, and this in turn by a back reef zone. Each of these—the 
basin and the two zones—is characterized by different kinds of de¬ 
posits. These relations are exceptionally well displayed in the Glass 
and Guadalupe Mountains and also by the records of thousands of 
oil wells in the plains east of the mountains. 

Stratigraphic information and also areal geologic maps have been 
contributed generously by oil companies to State and Federal Geo¬ 
logical Surveys for use in connection with official investigations in the 
petroleum-producing Stales. The publication of such modern State 
geologic maps as those of Oklahoma (10), Kansas (11), and Texas (3) 
was greatly facilitated through the active interest and support of the 
petroleum geologists and companies in those States. The great stock 
of information acquired by oil companies in California has been drawn 
upon in large measure in the preparation of two recently issued vol¬ 
umes—one entitled Geology of California, by R. D. Reed (14) and the 
other Structural evolution of California, by R. D. Reed and J. S. 
Hollister (15). 

The stratigraphic information supplied by the wells drilled for oil 
and gas enables the geologist to draw geologic maps of the past. Such 
maps are areal geologic maps and they thus differ from paleogeo- 
graphic maps which show the distribution of land and water. An 
early, and perhaps the first, areal geologic map based almost entirely 
on well data was one for northeastern Oklahoma compiled by Luther 
H. White. It was published in 1926 by the Oil and Oae Journal (23) 
and also by the Oklahoma Geological Survey (23). More recently, 
such maps of Kansas (8), Oklahoma (8), Texas (16), and a large por¬ 
tion of the United States (7) have been published. The deep drilling 
for oil and gas provides not alone stratigraphic information but also 
structural data that permit the preparation of subsurface structure 
maps, both local and regional in character. In the words of R. A. 
Daly at the banquet of the Geological Society of America in Tulsa, 
Okla., on December 30,1031, the petroleum industry has contributed 
the third dimension to geology. 



104 JOURNAL OF THK WASHINGTON ACADKUT OF SCIENCES TOL. 29 , NO. 3 


DEEP DRILLING AND SEARCH FOR PETROLEUM DISCOVER 
OTHER MINERAL PRODUCTS 

The petroleum industry, in its addition of this new dimension to 
geology, has had an unusual opportunity to discover mineral products 
that lie deep below the surface. Commercially important deposits of 
five mineral products thus discovered with the advent of deep drilling 
and search for petroleum are natural gas, helium, natural carbon 
dioxide, potash in New Mexico, and sulphur in the coastal areas of 
Louisiana and Texas. The five industries centering around these may 
thus be regarded as quintuplets of mother petroleum in the household 
of the mineral industry. A few vital and other statistics of interest 
about each of the quintuplets will be mentioned. 

The commercial utilization of natural gas, one of our principal 
sources of light and power, dates back as early as 1821 when gas from 
a shallow well at Fredonia, New York, was used in homes in that vil¬ 
lage. Our present marketed output of natural gas, amounting in 1937 
to 2,370 million cubic feet, comes from 24 States and is transported 
through 85,000 miles of trunk lines to consumers in 35 States. The 
known reserves of this convenient and efiicient source of heat and 
energy are, according to R. W. Richards,* at least of the order of 100 
trillion cubic feet. 

Gas wells suitable for producing solid carbon dioxide, known gen¬ 
erally as dry ice, have been drilled in Montana, Colorado, Utah, New 
Mexico, and California; and plants for the manufacture of dry ice 
from gas supplied by such wells have been constructed in recent years 
at Wellington, Utah, Witt and Bueyeros, N. Mex., and Niland, Calif. 
Dry ice is a convenient refrigerant and is being produced in increasing 
quantities, due in part to the growing demand for it by transconti¬ 
nental and transoceanic shippers. 

Sulphur was discovered on a salt dome at Sulphur, La., in 1865 by 
the Lowsiana Petroleum & Coal Co. while prospecting for oil. Sulphur 
production was begun in Louisiana in 1903. To January 1, 1938, 
41,163,000 long tons of sulphur valued at over three-quarters of a 
billion dollars has been produced from the cap rock of salt domes on 
the Gulf Coast of Louisiana and Texas. Before the development of 
the Louisiana and Texas deposits 95 per cent of the world's supply of 
sulphur came from Sicily. At present these two States supply the 
greater part of the world’s sulphur and more than 99 per cent of the 
domestic output. 


* Personal oommunicatlon. 
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The United States possesses the only knovm natural gas fields in 
the world that yield gas sufficiently rich in helium to warrant the ex¬ 
traction of this element on a commercial scale. The richest helium- 
bearing gases, those containing 1 to 8 percent, are found in southeast¬ 
ern Kansas, southeastern Colorado, eastern Utah, and in the Texas 
Panhandle. The production of helium on a large scale was born of the 
necessity to find during the World War a non-inflammable substitute 
for the extremely inflammable hydrogen gas in balloons and dirigibles. 
The operation of experimental plants in Texas and Canada, be ginning 
in 1918, led to the erection in 1919 of a production plant at Fort 
Worth, Texas, and later other plants, one by the Helium Company 
at Dexter, Kans., in 1927, and the other by the Bureau of Mines near 
Amarillo, Texas, in 1928. 

American potash, like our helium, was first produced during the 
World War and it now supplies a major portion of our domestic re¬ 
quirements. An energetic search for possible sources of potash in this 
country began in 1911. One of the possible sources thus investigated 
was the Permian salt of Texas and New Mexico. Information about 
the extent and character of the potash deposits in these States ac¬ 
quired from oil company wells and from Government and private core 
tests revealed commercial deposits of potash in New Mexico. Ship¬ 
ments began in 1931 and they totaled 700,000 tons of crude potash 
salts in 1937. 


PETROLBUM RBSBBVB8 OF UNITED STATES 

Our petroleum reserves, because of the nature of the occurrence of 
petroleum, are imperfectly known. Petroleum is a liquid contained in 
the rooks deep below the surface in many small widely scattered areas. 
It is discovered by the driller who is aided in his search by the accu¬ 
mulated knowledge about oil and its occurrence. 

A number of estimates of the total petroleum resources of the 
United States were prepared between 1909 and 1921. During this pe¬ 
riod, however, it became evident that the unproved reserves in un¬ 
known fields awaiting future discovery could not be estimated with 
any degree of accuracy whereas the quantity of oil in the proved re¬ 
serves, recoverable by then current methods of production, could be 
estimated with reasonable accuracy on the basis of the past produc¬ 
tion experience of depleted fields. The first estimate in which the 
proved reserves were separated from estimates of undiscovered fields 
was made in 1921 by the Geological Survey with the cooperation of 
the American Association of Petroleum Geologists. In this estimate 
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5 billion barrels were classified as oil “in si(dit’’ on January 1, 1922, 
and 4 billion barreb additional as “prospective and possible” and re¬ 
coverable by current methods of production (18). A number of esti¬ 
mates have been prepared since 1021. 

The individual estimates of the petroleum reserves that have been 
made in 1921 and subsequent years differ somewhat but they all pos¬ 
sess a similar order of magnitude. Since 1930 the estimates of proved 
reserves have ranged from 10 to 15.8 billion barrels. 

The proved reserves in the ground, like the stocks of petroleum held 
above ground, are constantly changing in quantity. They are depleted 
by the output of producing wells and increased by the discovery of 
new fields and deeper pools. During the period 1922 to 1938 for which 
figures of proved reserves are available many large fields were dis¬ 
covered so that, notwithstanding the consequent greatly augmented 
production, the proved reserves have increased. 

FUTURE PETROLEUM SUPPLY OF UNITED STATES 

The continued discovery of new fields and deeper oil-bearing zones 
is required to meet future demands, just as it has since the beginning 
of the industry in the United States. The extent to which new sources 
of supply are discovered and produced depends upon the payment of 
such prices by the consumer as will permit the industry to carry the 
heavy and increasing expense of new exploration and maintain prof¬ 
its. 

Much oil remains to be discovered in new fields and in deeper poob, 
but the exact location of these fields and the quantity of petroleum 
they will yield are not known; they will not be known in advance of 
drilling. Nevertheless, their number, whatever it may be, is definitely 
limited and each newly-found field leaves one less to be discovered. 

The answer to the question “When will the day of petroleum short¬ 
age in the United States be reached?” lies not alone in the supply of 
oil remaining in the ground. It rests also with the geologist to con¬ 
tinue to aid in the increasingly difficult problem of discovery, with 
the engineer to improve drilling technique and to increase recoveries, 
and with the chemist to continue improvements in refining practice. 
In part, it rests on the price that the public can pay in the future for 
oil products, and that in turn depends in part on increased efficiency 
in use. In a large measure it rests on conservation and efficiency in the 
discovery, development, and production of our future oil fields. 

The future undoubtedly will see continued advances in science and 
technology affecting the discovery, recovery, refining, and utilization 
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of petroleum. Thus far, these advances have enabled us to keep sup¬ 
plies ahead of needs, but they afford us no assurance that the same 
record can be maintained indefinitely. 

In this connection it is of interest to call attention to some of the 
concrete accomplishments of recent years. 1 he recovery of gasoline 
from a barrel of oil has more than trebled in the last 40 years—from 
about 5} gallons in 1899 to about 18§ gallons in 1937. In the 15-year 
period from 1922 to the end of 1936 the geologist and the petroleum 
engineer have aided the driller in the addition of 10.8 billion barrels 
to our petroleum reserves, despite the production of 12.8 billion bar¬ 
rels during that period. Also, from 1920 to the end of 1936 the chemist 
by the introduction and improvement of cracking processes, has con¬ 
served 8.5 billion barrels of crude oil (19). The petroleum engineer is 
meeting energetically the challenge to recover the 65 to 85 per cent of 
oil remaining in the ground after a field no longer yields oil by the old¬ 
er methods of production. Each year witnesses the improvement and 
extension of recovery methods, such as acid treatment and repressur- 
ing by the introduction of gas, air, and water into the oil-bearing 
zones. The increased adoption and refinement of such methods in 
areas where geologic and other conditions permit their use will lead to 
the recovery in places of 50 per cent or more of the total oil content of 
the producing zone. 

Moreover, when a shortage of domestic crude petroleum arrives 
and there is a consequent rise in prices of petroleum products, substi¬ 
tutes will be drawn upon just as they arc now drawn upon to some 
extent in some countries that are supplied with little or no oil re- 
sotu'ces. Some of these substitutes are oil products from coal and oil 
shale, alcohol from farm products, and gases from wood. Our future 
resources of coal and oil shale have been so determined by geologic 
evidence and exploration that we know their approximate extent and 
quantity. According to Dean E. Winchester (24), the oil shale de¬ 
posits of the United States will yield 92,144,935,000 barrels of oil, if 
and when the price of oil permits. Should coal be called upon to sup¬ 
ply the demands now met by oil and gas, the coal reserves of the 
United States would, according to independent estimates by T. A. 
Hendricks* and Arno C. Fieldner (5), last about 2,000 years. These 
two estimates are based on the assumption that the consumption of 
energy from mineral fuels will equal the maximum rate of consump¬ 
tion in the past (approximately 23,400 trillion B.t.u. in 1929) and 


* Personal oommunioation 
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also are based on the assumption of a 30 per cent loss of coal in mining. 
Concerning the cost of motor fuel substitutes, Doctor Fieldner (5) 
comments as follows: 

Reliable information on the cost of making gasoline from coal in British 
and German plants is not available, but it is believed that it is three or four 
times the present cost of producing gasoline from petroleum in the United 
States. These costs will bo reduced by further research, but no other liquid 
motor fuel, whether it be from coal, oil shale, or vegetable matter, can hope 
to be as cheap as our present petroleum fu^. 


The following significant statement on this subject is contained in 
a recent press memorandum of the Department of the Interior rela¬ 
tive to the work of the Bureau of Mines (Oct. 24, 1938): 

By the time that depletion of our petroleum resources reaches the point 
when a motoriied Nation must begin to look to other sources for some of its 
fuel, it is hoped that motor fuel can be supplied from coal so efficiently and 
cheaply that the transfer can be made from the old fuel to the new without 
drastic adjustments. 
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PALEONTOLOGY.— The croaaopterygian hyomandibular and the teP- 
rapod atapea} Theodore H. Eaton, Jr., Union College, Sche¬ 
nectady, New York. (Communicated by C. Lewis Gazin.) 

Homer’s description, in 1937, of the braincase of Megalichthya, a 
Permo-Carboniferous crossopterygian fish, showed that the hyoman¬ 
dibular bone articulated with the otic region by two heads, one dorsal 
and one ventral to the jugular vein. This arrangement, elsewhere un¬ 
known in vertebrates, had been anticipated in part by Schmalhausen, 
DeBeer and Watson. They could not, however, attribute the two- 
headed hyomandibular to any particular fish, and their hyiiotheses 
differed greatly in details. The views of Schmalhausen and DeBeer 
were summarized by Goodrich (1930) in his Sttidiea on the structure 
and development of vertebratea, and those of DeBeer again by Bomer 
(1937). Watson’s related suggestion is in his paper on the origin of 
Amphibia (1926). 

In the summer of 1937 I had the privilege of studying the Megor 
lichthya material with Dr. Romer and attempting to restore some of 

' Presented before the Vertebrate Section of the Paleontological Society on De- 
oember 20, 1038. Received December 20, 1038. 
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the soft anatomy. This paper presents two suggestions: (1) That the 
articulations of the hyomandibular are carried over essentially un¬ 
changed, and may be identified, in the connections of the stapes with 
other skeletal parts in most tetrapods, and (2) that the stapedial mus¬ 
cle is not limited to mammals but probably came up in their ancestry 
from the anterior edge of the levator hyoidei of fishes. Most of the 
data are from published sources, but I have added to them a series of 
simple reconstructions and two or three new observations. 

Figure 1 is a diagrammatic reconstruction of the hyomandibular of 
Megalichthya and its relations to other parts. The attachments to 
skeletal parts are numbered arbitrarily: 1 the dorsal process, to the 
parotic region of the cranium above the jugular canal, 2 the ventral 
or otic process, below the jugular canal, 3 the connection with the 
ceratohyal, 4 that with the quadrate, and 5 with the operculum. The 
latter two connections are not represented by distinct processes, but 
were undoubtedly present as close attachments in all generalized 
hyostylic operculate fishes. Above the groove for the jugular vein, on 
the posterior part of the otic region, is a smooth muscle scar, which 
could only be for the levator hyoidei, likewise present in generalized 
hyostylic fishes. Whether this muscle extended as far down as the 
mandible is not determined, so that its restoration is conservative. 
In Amphibia, however, the levator hyoidei is largely converted into 
the depressor mandibulae by shifting its insertion to the posterior end 
of the lower jaw. 

Three brief comparisons with the arrangement in other fishes will 
show that this type of hyomandibular occupies, probably, a fairly 
central, primitive position in the evolutionary scheme. Figure 2 in¬ 
dicates the corresponding structures in a dissection of Squalus, a 
shark. The articulation with the cranium is single and ventral to the 
jugular vein. Probably it is equivalent to no. 2, and no. 1 is either 
primitively or secondarily absent. No. 5 probably never existed, as 
there is no evidence that sharks ever had a bony operculum. 

In the advanced fishes, Actinopteri, the hyomandibular articulates 
with the braincase above the jugular vein instead of below, and pre¬ 
sumably articulation 2 has li^n lost, on the assumption that the 
double-headed hyomandibular is ancestral for these fishes. Numbers 
3,4 and 5 are, of course, regularly present. 

The Dipnoi, lungfishes, make a more difficult problem, as the hyo¬ 
mandibular is so far reduced as to be almost unrecognizable in the 
adult, and has lost practically all its primitive connections. But even 
here, in the embryo of Neoceratodua O^g. 3), we may possibly see a 



Fig. 1.—CroMopterygil. Megdlxchihm (Adapted after Romor, 1937 ) Left lateral 
view. Fig 2—EUasmobranchu; lSouhuu. Left lateral view. Fig 3—Dipnoi; Neo- 
eeraioduA^ embr^r (Modified after Goodrich, 1030.) Interior view, right 

Bide Fig 4.—Embolomen: OrlhosauriM (Based on Watson, 1026.) Posterior view, 
left side. 

means of settling the long dispute over homologies of the hyomandib- 
ular and its cranial articulations in fishes. Turning back to Meg<i- 
licfUhys again, the prevailing opinion for some years has been that 
Crossopterygii stand very close to the ancestry of tetrapods, and it 
should be profitable to make as detailed a comparison as possible be* 
tween the hyomandibular and the amphibian stapes. 

Figure 4 is a composite reconstruction of the stapes in the embolom- 
erouB Stegocephalia, based partly on Watson’s figures and partly 
on his deseriptions (1926). On the lower portion of the otio capsule 
the foot of the stapes rested in a pit, which, however, did not pene- 
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trate the capsule wall. He calls it the pseudofenestra ovalis. It is 
clearly an early stage in the evolution of a complete fenestra into the 
otic cavity, but presumably sound could already^ be transmitted by 
way of the stapes. Watson says he believes a dorsal process to have 
been present in Embolomeri, and also one to the quadrate, both of 
them doubtless cartilaginous. There is a small pit on the quadrate, 
sometimes at the point where the squamosal, pterygoid and quadrate 
meet (Orthoaaurus), facing towards the otic capsule, and showing the 
location of the process from stapes to quadrate. Above the pseudo- 
fenestra ovalis there is a concavity along the side of the braincase 
which is the probable location of the jugular vein. In modern Am¬ 
phibia and Reptiles this vein is above the fenestra ovalis and the foot 
of the stapes. It would seem, then, that the foot of the stapes, trans¬ 
mitting sound to the ear cavity, can be nothing but the ventral cra¬ 
nial articulation, no. 2, of the fish hyomandibular; that the dorsal proc¬ 
ess to the parotic region of the cranium is no. 1; that the quadrate 
connection, no. 4, is present as a cartilage rod in some cases. No doubt 
during ontogeny the hyoid attachment, no. 3, is temporarily present; 
whether it continued through life in a ligamentous form is, of course, 
impossible to say. But we still have one end unaccounted for. In 
Stegocephalia this end extended outwards in the otic notch to the 
level of the skin, that is, to the ear drum. Connection no. 5, to the 
operculum in Crossopterygii, was located on the outer face of the 
hyomandibular, therefore certainly nearest to the skin, as the opercu¬ 
lum was a superficial, dermal bone. When the operculum disappeared, 
with the transition to land life, this part of the hyomandibular might 
most readily have been left attached to the integument and have 
served to receive sound vibrations from outside, while that area of the 
integument became the ear drum. Watson remarks that the bony 
stapes of Embolomeri seems to lie at right angles to that of, for in¬ 
stance, Osteolepia, the Crossopterygian which he used for comparison. 
We can see that this is not so much a shifting of position of the bone 
as the development of a new axis, namely from the fenestra ovalis to 
the otic notch instead of from the parotic process to the ceratohyal. 

The bulk of the levator hyoidei muscle of Crossopterygii had, with 
the reduction of the hyomandibular, changed its insertion to the 
mandible, being known from now on as the depresaor mandibulae. 
But there can be little question, on the basis of evidence from certmn 
reptiles and from mammals, that in early Stegocephalia a slip of this 
muscle continued to insert on the stapes, its origin being somewhere 
close to the parotic process and its course being external to the jugu- 



_ _dlAgram Poetenor view, left side Fig. 9.—Theriodonta: 

Kannefnweria, (Adapted from Pearson, 1924 ) Posterior view left side Fig 10 — 
Manuplal embryo. OeDoraliEed diagram. Left lateral view, 
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lar vein. This is the ancestral stapedial muscle, which does not seem 
to be limited strictly to mammals, and which receives a branch of the 
facial nerve, as it should according to this scheme. 

Among modern Amphibia the stapes of the adult contributes little 
to knowledge of the auditory region of any other types. In Caecilia 
and Urodela it is much reduced and even the ear drum itself is sec¬ 
ondarily lost, while in some Urodela a substitute apparatus develops 
to transmit sound to the ear by way of the Moulder girdle. In Anura, 
however, something more like the primitive condition exists (Fig. 5). 
The bony stapes fits into the fenestra ovalis beneath the jugular vein. 
Laterally, reaching to the ear drum, is a cartilaginous extrastapes, 
which may be considered a modification of the distal end of the stapes 
itself. This, near the point where the bony part begins, connects with 
the parotic crest dorsal to the tympanic cavity and jugular vein (no. 
1). Temporarily, during development, strands of procartilage reach 
to the quadrate and the ceratohyal, but the latter presently fuses to 
the cranium, as shown. There is no stapedial muscle in the modern 
Amphibia, and their auditory structure is definitely off the lino which 
led to higher forms. But we can sec that the five points of attachment 
already described persist in the Anura, three of them in the adult. 

One of the oldest reptiles on which any information about the 
stapes has been obtained is the Ck>tyiosa\ir Captorkintu (Fig. 6). The 
braincase was described and carefully figured by Price (1935). The 
stapes, a relatively large one, was perforated by a canal for the sta¬ 
pedial artery. The expanded foot (no. 2) fitted the fenestra ovalis be¬ 
neath the jugular canal, and a slender dorsal process (no. 1) articu¬ 
lated with the prootic. Judging from other Cotylosam material (e.g., 
LabidMaurua, Williston, 1910), the distal end of the stapes reached 
the corner of the quadrate at the junction of the latter with the 
pterygoid, or connected with it by a cartilage process. Evidently 
there was a cartilaginous extrastapes,'for otherwise the stapes, as 
shown, could not have served for sound transmission. On the anterior 
face of the dorsal process (no. 1) Price found in Captorhinits “indica¬ 
tions of a strong ligamentous or muscular attachment." Whether 
ligamentous or muscular, this structure was probably the stapedial 
muscle or its vestige, and I have shown its possible position in this 
figure. 

An interesting bit of evidence on the stapedial muscle occurs in 
embryo Ixulles, for example in Chdydra and in Chrysetnya (Fig. 7). A 
section made through the tympanic r^on of the latter at the time 
of hatching shows the anterior edge of the depressor mandibulae mus- 
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ole attached directly to the end of the extrastapes, but at the same 
time continuing down to' the lower jaw. This connection, which I 
would interpret as a passing remnant ot the attachment of a separate 
muscle to the stapes, disappears shortly, but is represented in adult 
turtles by a ^ort ligamentous connection of the depressor muscle to 
the cartilage rim of the ear drum cavity. 

The condition in sonxe lizards closely resembles our reconstructed 
Stegocephalian and Cotylosaur ear, and all five of the primitive at¬ 
tachments of the stapes occur during ontogeny (Fig. 8). No. 1, the 
dorsal process, develops in temporary connection with the body of 
the stapes, lies externally to the jugular vein, and finally separates 
as an “intercalary" cartilage. An opimsite process (no. 4) goes to the 
quadrate and usually persists through life. Temporarily the stapes 
is connected with the ceratohyal (no. 3). No. 2 and no. 5 are present 
as the functional inner and outer ends of the stapes, just as in Em- 
bolomeri, but no. 5 is cartilaginous (an extrastapes). 

Before considering the somewhat more difficult problem of the 
mammalian ear it is necessary to try restoring the complete stapes of 
a Theriodont, if possible, from the work of Broom, Watson and oth¬ 
ers. Since very few of the known mammal-like reptiles have much of 
the auditory apparatus remaining in the fossils, we must select one 
which happens to show it most clearly, without regard for the par¬ 
ticular line which may lead to mammals. 

A diagram of an occipital view of the ear region in the Anomodont 
Kannemeyeria (based on Pearson, 1924) will suggest two or three im¬ 
portant changes which took place as the manunalian ear evolved 
(Fig. 9). The stapes was a short, bony rod reaching from the fenestra 
ovalis to the inner edge of the quadrate, where its distal end rested 
in a groove. There was undoubtedly, as in other reptiles, a cartilagi¬ 
nous extrastapes, although it need not have been long, for the ear drum 
may have been slightly sunken into a canal already. The quadrate 
itself was in the process of reduction and formed only the inner por¬ 
tion of the jaw articulating surface. The fenestra ovalis, and therefore 
the foot of the stapes, was ventral to a deep notch in which it is safe 
to say the jugular vein passed. The whole auditory apparatus had 
come farther ventrad and mediad than in amphibians or other rep¬ 
tiles. There is a distinct parotic process on the border between the 
squamosal and opisthotic. Lateral to this, on the squamosal, was a 
broad trough providing an origin for the depressor mandibulae. Ck>n- 
sidering that the parotic process in earlier types receives articulation 
no. 1 (the dorsal process) from the stapes, and that it is external to 
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the jugular notch, 1 think that we may look for a homologous struc¬ 
ture to attach to the same place in some of the mammal-like reptiles, 
that is, a dorsal process from the stapes or its equivalent. We may 
also suspect that the stapedial muscle originated on the face of the 
opisthotic just inward from the parotic process. 

If the interpretation is correct so far it should not be too great a 
jump to the stapes of a primitive mammal in an embryonic stage (Fig- 
10). The dorsal end of the hyoid arch becomes attached very early 
to the parotic crest dorso-laterally from the stapes proper, and ex¬ 
ternally to the jugular vein. This end of the hyoid is then called 
laterohyal or stylohyal. Goodrich (1930) noted its similarity to the 
dorsal process of reptiles. I suggest that this dorsal process of the rep¬ 
tilian stapes has detached itself, during the early evolution of mam¬ 
mals, from the remaining portion of the stapes, and associated with 
the hyoid alone (connection no. 3). It is possible, then, that in Kan- 
nemeyeria and its relatives the dorsal process was already becoming 
a so-called "stylohyal” and supported the ceratohyal directly, while 
the inner part of the stapes, with its extrastapedial, was more com¬ 
pletely freed for auditory transmission. The stapes of mammals has 
lost t^ extrastapedial because the quadrate and articular moved into 
the ear cavity and took its place. The stapedial muscle, becoming al¬ 
most microscopically small, is still associated in mammals with the 
auditory stapes proper. 

The associations of parts, then, in the mammalian ear, are new, but 
the old morphological features of reptiles, amphibians and even fishes 
are still there and may be recognized, according to this theory. It may 
be that with the evolution of a mammalian larynx, and mobile mus¬ 
cular tongue, along with chewing movements of the lower jaw, there 
was reason for a more sturdy attachment of the hyoid arch to the 
cranium, and the most convenient method of obtaining it was by 
annexing the dorsal process of the stapes. At the same time the re¬ 
mainder of the stapes came to depend on the quadrate, while the lat¬ 
ter was still in the upper jaw, for a more complete support than it 
had in amphibians or most reptiles, and thus drew closer the original 
attachment no. 4. At some time, as Broom pointed out (1912), there 
must have been a double articulation between the mandible and the 
upper jaw, consisting not only of the old joint between the quadrate 
and articular but of a new one between squamosal and dentary. In 
time the latter survived, while the quadrate and articular, being very 
close against the ear drum, were drawn into the auditory complex and 
replaced the old cartilaginous extrastapes. 
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Summary .—The crosaopterygian hyomandibular bone, evolving in¬ 
to the tetrapod stapes, retains its original morphological relations 
largely unchanged, even to mammals. New functions and new loca¬ 
tions of parts appear, but the connections, I suggest, remain essen¬ 
tially as follows: 1. The dorsal cranial head of the hyomandibular be¬ 
comes the dorsal process of the stapes, and, in mammals, the so-called 
stylohyal. 2. The ventral head of the hyomandibular, below the 
jugular vein, becomes the foot of the stapes and occupies the fenestra 
ovalis. 3. The connection of the hyomandibular with the ceratohyal 
generally does not persist beyond early developmental stages in te- 
trapods, but apparently in the line leading to mammals the ceratohyal 
was still able to link itself to the cranium through the dorsal process 
of the stapes. 4. In many types the attachment to the quadrate dis¬ 
appears except in early development, but it was shown to be present 
in early Stegooephalians, Cotylosaurs, lizards and the mammal-like 
reptiles, while in mammals it becomes the joint between the stapes 
and the incus. 5. The attachment of the hyomandibular to the oper¬ 
culum in fishes seems to furnish a convenient point for that between 
the stapes and ear drum in early tetrapods. Later this end of the stapes 
became cartilaginous and was finally atrophied in the transition from 
reptiles to mammals. 

The levator hyoidei muscle became split, in Amphibia, into a large 
depressor mandibulae and a small stapedial muscle, the latter prob¬ 
ably being limited to certain Stegocephalia. Traces of the stapedial 
appear in some primitive reptiles, and in mammals it is regularly pres¬ 
ent, while the depressor mandibulae serves the Amphibia, reptiles and 
birds, but in mammals is replaced by the digastric. 
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EVOLUTION .—The course of evolution.^ Robbbt F. Gbigos, 
George Washington University. 

To evince an interest in orthogenesis or even to recognize that it is 
entitled to serious consideration by a scientific society is perhaps a 
somewhat dangerous admission. For many biologists consider ortho¬ 
genesis a relic of the mystical childhood of evolutionary doctrine quite 
of a piece with the transmission of acquired characters and scarcely 
to be mentioned in a respectable Society. One authority expresses the 
feeling of many when he bluntly calls orthogenesis an “anachronism.” 
Altenburg holds that “The theory of orthogenesis depends for its ac¬ 
ceptance not so much on our knowledge of certain facts as it does on 
our ignorance of them.”* 

Yet the officers of the Paleontological Society ask me to open a dis¬ 
cussion of the subject; because, in the words of their invitation, “The 
consideration of orthogenesis by the Society several years ago did not 
clarify the subject." 

This statement again is an admission, at least that the subject is 
difficult to clarify. What chance is there of reaching a clearer under¬ 
standing this time than on the previous occasion? 

IS ORTHOOBNE8I8 ESSENTIALLY MYSTICAL? 

The zoologists’ objections to orthogenesis so cogently set forth dur¬ 
ing the earlier discussion by Dr. Friedmann boil down, I believe, to 
the supposition that orthogenesis is essentially a mystical interpreta¬ 
tion of evolution which calls into play not only imknown but un¬ 
knowable agencies which are beyond the reach of scientific inquiry, 
that orthogenesis is really a Doctrine of Faith rather than a Law of 
Science. In so far as this is correct, the subject is certainly out of 
reach of scientific discussion; and if this be the whole truth, we can 
no more hope to reach a decision on orthogenesis than we could on 
one of the questions debated by the old Scholastics. 

But if orthogenesis were, wholly outside the realm of evidence, it 
would in these modern days no longer constitute any problem at all. 
Its difficulty lies exactly in the fact that both natural and supernat¬ 
ural considerations have entered into its discussion. The problem is 
then to disentangle these elements. Needless to say, I shall nqt at¬ 
tempt to consider the mystical elements—not because I disbelieve in 
a theistio universe but because as I have said, that is a matter for 

^ Pmented before the PaleontologioAl Society of Wuhiofton ei a lympodum on 
orthogeneilflp NoTember 16, 1938. Received December 14, 1938. 

■ ALTBiTBOBa, Edgar, ffoto w inh^. P. 120. 1928. 
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faith and ia not axiaceptible of proof or disproof by scientific methods. 

As in any controverted subject, we may well begin with a definition. 
Is it correct to state that the essential feature of orthogenesis is that 
it holds that evolution proceeds in definite directions rather than at 
random—that the course of evolution follows definite trends? And 
further it is usually held, I believe, that the tendency to fall into such 
definitie lines of evolution is characteristic of the nature of proto¬ 
plasm itself. Other elements which have entered into the conception 
are, I think, mostly concerned with external causes of the trends and 
are, in the absence of any real understanding of such causes, mystical, 
or, to say the least, highly speculative. 

Observers are not wanting, however, who strike at the very idea of 
evolutionary trends quite apart from any considerations as to cause. 
Altenburg says flatly that orthogenesis "contradicts all that we know 
about mutations, especially as shown by the careful studies made on 
the insect Drosophila" and again, “The mutation theory also makes 
untenable the theory of orthogenesis, according to which changes 
take place along predetermined lines and not in all directions as de¬ 
manded by the mutation theory.” 

Here we have clearly set down the divergence in philosophy that 
has arrayed biologists in two hostile camps, the one dominated by the 
zoologists and the other by the paleontologbts. 

Is evolution haphazard, produced by mutations which occur in a 
miraculous manner, essentially supernatural in that they are caused 
by circiunstances entirely outside of the ordinary run of nature? In 
tUs view, the only means by which the orderly relationships which 
we observe throughout nature could be produced is by natural selec¬ 
tion. The adherents of such a theory account for the steady progress 
of the Equidae from a primitive five-toed ancestry down to the single- 
hoofed horses of today by the natural selection of random mutations 
alone. This theory would seem to me to put its adherents under a 
serious disadvantage at the start by imposing on them the necessity 
of proving that at every step in the evolution of the horse each slight 
decrease in the size of the lateral toes was an advantage great enough 
to favor in the struggle for existence those individuals which possessed 
it over those which did not. 

Not all the geneticists, even though they have no use for ortho¬ 
genesis, adopt this extreme view. Newman* states a very much 
stronger and I believe more generally held position when he writes, 
“It should be said that definitely directed evolution is now believed 

■ Nbwuak, H. N R9ad{ng9 in EwduHon 3rd ed., p 36. 
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to be one of the laws of organic evolution but we have no clear ideas 
as yet as to what are its underlying causes. Therefore orthogenena is 
not a canso-mechanical theory of evoltUion at ail" (Italics in original.) 
Having thus delivered themselves, the geneticists smugly withdraw to 
their milk bottles to nurse their Drosophila and the paleontologists 
may throw as many of their figured stones at them as they please 
without in the least disturbing their self-satisfied self-sufficiency. 

If the attitude of the unorthogenetic brethren were entirely snob¬ 
bery, it would not last long and we would not need to concern our¬ 
selves with it. The truth is, however, that they have opened up a 
serious weakness in the ortbogenetic position. In the minds of many 
men, the theory of orthogenesis shares with the so-called theory of 
special creation the onus of being merely a pseudo-explanation of the 
facts with which it deals. They hold that it substitutes a name for an 
explanation and really carries its adherents not one step closer to an 
understanding of the facts. Worse than that, they feel that instead of 
clarifying and stimulating thought, it puts it to sleep. 

In so far as this has been true, orthogenesis deserves all the con¬ 
tempt with which it is held in some quarters. Certainly the paleon¬ 
tologists want to be very careful to purge themselves of every vestige 
of this sort of loose thinking before they take up the cudgels in its 
defence. 

But on the other side, are the geneticists, having admitted the 
reality of orthogenesis, justified in dismissing it from further consid¬ 
eration because we do not understand its causes? If this is a proper 
attitude we should also drop all consideration of evolution itself for 
assuredly we know very little about its causes either. 

If we agree that we have no comprehension of the causal factors at 
work there yet remains the very large task of mapping the evolution¬ 
ary trends which are observed. And since some disbelieve in the very 
existence ol orthogenetic trends, it may be advisable to reassemble 
the evidence which appears so convincing to the adherents of the 
theory. Yet it would seem that the old naasters like Cope have done 
that well enough and that it would be better to refer to the literature. 
In any case, I shall not undertake this task but will concern myself 
merely with another side of the question. True or not, is the study 
of orthogenesis worth while? 

It is an axiom that the value of a scientific theory depends not so 
much on its truth as upon its usefulness. The reason lies of course 
partly in the difficulty of ascertaining absolute truth and partly in 
that our problem is to master our environment. The question really 
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before us is then, I believe, not is orthogenesis true but is it of any 
good to us? Can we make orthogenesis bring forth useful results? 

It is to that question then that after this preliminary clearing of the 
groimd I would address myself. 

Very definitely I believe that due consideration of the conclusions 
which orthogenesis demands would greatly strengthen taxonomy if 
indeed it did not give us a whole new outlook upon the plant and ani¬ 
mal kingdoms. For 1 believe it can be demonstrated not only that 
evolution proceeded orthogenetically but that the orthogenetic lines 
in many groups of organisms, both animals and plants, have pursued 
similar trends, in other words that evolution rims a definite course 
and that the course has followed the same paths in entirely unrelated 
phyla. 

For that reason I have entitled my discussion The course of evolu¬ 
tion. 


I. AGGRBOATION AND UULTIPUCATION 

The first stage in evolution, after the living units themselves have 
been produced, is aggregation or multiplication. This occurs at many 
levels all along the line from the lowest to the highest. (1) Dividing 
cells, failing to separate, form colonies and multicellular animals. (2) 
In the fern-allies, the sporOphylls become aggregated into cones which 
are the starting point for all the complex evolution of the flower. (3) 
In the lower invertebrates, segmentation into a series of similar so¬ 
mites, as in the annelid, lays the foimdation for most of the evolution 
of the animal body. 

(4) In corals and jellyfishes, where asexual reproduction by bud¬ 
ding plays a large role, the daughters often fail to separate and make 
possible complex polysoid individuals closely resembling the colonieJ 
vorticellas except that the bells are multicellular individuals instead 
of single cells. 

(6) The single meristems of lower ferns and cycads multiply in 
higher types until a freely branching plant body is produced. Ex¬ 
actly similar branching bo^es with many temunal branches are pro¬ 
duced in a number of unrelated groups of sedentary animals such as 
ascidians, sponges, bryozoans, and in at least one crustacean, Thomp- 
sonia. 

(6) In the highest flowering plants the flowers, originally solitary, 
become aggregated into clusters with reduction of the subtending 
leaves to bracts and the clusters take on an individuality of their own, 
and become the well-known composite heads of the aster fanuly. 
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Here special leaves simulate sepals, special flowers, petals, etc. This 
achieved, the composite clusters start out on an independent evolu¬ 
tion of their own, repeating many of the steps earlier taken in the 
evolution of the solitary flower. 

(7) Again in the grass family, we find the individual flowers, re¬ 
duced to their lowest terms, associated first in loose panicles, then 
brought close together until, in all but the very lowest bamboos, the 
aggregate becomes a new unit, the spikelet, which again goes through 
a complete cycle of evolution on its own level. (8) Then clusters of 
spikelets go through another parallel cycle of evolution on a hi^er 
level, until finally such a complex unit as the ear of maise appears 
on a still higher level. 

In short, wherever you find organisms or organs tied together in 
permanent association, you may expect to find the development of a 
new unity and the beginning of a new cycle of evolution. 

(9) Even where the units are not stationary, something of the same 
nature occurs as, for example, in the social insects where assuredly 
the organic unit is the colony like the hive of bees and not an indi¬ 
vidual such as the worker. The queen bee has become essentially only 
an organ of the colony—its ovary. True, she retains her eyes, legs, 
wings, and other organs but so, in the multicellular body, does every 
cell retain the fundamental structures and functions of the original 
free-living protozoon. 

I need hardly add in these troublous times that most of the prob¬ 
lems of human society spring from the fact that we have not yet 
learned how to associate in larger units and that, if we do not exter¬ 
minate ourselves in the process, evolution will surely carry us into 
some form of collective unity. Already this industrial age has naade 
impossible any such individual independence as that of our pioneer 
grandfathers who settled this continent in isolated self-sufficient 
groups. 

In studying the evolution of any one of these aggregates, we see 
that in some way living units in close proximity inevitably influence 
each other's development, and here we approach an understanding of 
the cause of orthogenesis. We may return to seek explanatinos later, 
but now we must go on with the process itself. 

As has appeared from the mere catalog of various types of aggre¬ 
gates, aggregation is the foundation on which later evolutionary 
processes are built. Once the aggregate—colony, tree, flower cluster, 
or society—has been established, evolution follows a rather definite 
course. 
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U. BBDTTCnON 

A. Reduction in number of similar parts 

The next stage after the preliminary aggregation has been com¬ 
pleted is a reduction in the number of similar parts. 

Flower parts. —The lowest flowers, both monocot and dicot, like 
magnolias, buttercups, sagittarias, anonas, potentillas, and water- 
lilies, have large numbers of flower parts: 60-100 sepals, petals, 
stamens, and/or carpels as the case may be. That these are really the 
most primitive of the flowering plants is evidenced by the fact that 
in these types, and in no others, monocots and dicots come close 
together. The flowers of the dicot buttercup and the monocot aagit- 
taria are practically indistinguishable. All of the higher types have the 
parts reduced to snuiller numbers; 6-5-4-3. In many cases there are 
vestiges of the larger ntimbers formerly present. 

There is, further, good evidence that various types of both dicots 
and monocots have radiated from a common tyjie similar to the poly- 
merous buttercups and Sagittarias. 

GiU arches. —A similar reduction in the number of gill arches occurs 
in the lowest chordates. Amphioxus has 100 or more. In the cyclo- 
stomes, Bdellostoma has 15 to 10, other cyclostomes 9 or 8. In the 
elasmobranch sharks, Heptanchus has 9, Chamaeselachus 8, but the 
usual number is 7; while in ordinary fishes it is reduped from 6 in the 
embryo to 4 in the adult, but some fishes have lost one or two of these, 
leaving 3 or 2. 

Segments. —In a general way, the phylogenetic order of several 
classes of invertebrates corresponds with the number of their somites. 
Annelids have more segments than millepedes and, of course, are far 
more primitive. Millepedes have more than centipedes; centipedes 
more than scorpions; scorpions more than insects. 

Among crustaceans, branchiopods like Apus, with forty to sixty- 
three pairs of tnmk limbs, are nearer the aboriginal type than Mala- 
costraca like the crayfish with fourteen trunk appendages, and they 
in turn are more primitive than hermit crabs and true crabs which 
have lost or nearly lost their abdominal appendages. 

Vertebrae. —The lamprey may have 400 vertebrae. Among the 
elasmobranchs, Alopias may have more than 200 in the tail alone, 
Raja about 150, while Heptanchus has only a few more than 100. The 
cod has 52, man 33. 

Teelh.—The sharks have several hundred teeth. Teeth are still 
vpry numerous in the teleosts and may be present on all the bones of 
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the mouth. In the Amphibia, there is in general a considerable dimi¬ 
nution in the number of teeth as compared with the fishes, but they 
stUl occur regularly on vomer and palatine in addition to maxilla and 
premaxilla and sometimes develop on the parasphenoid as well. 

In reptiles the teeth are still numerous and widely distributed on 
several oral bones. 

Up to the mammals, there is generally an indefinite succession of 
teeth throughout life, so that any loss is promptly replaced. The 
European viper, for instance, has as many as nine poison fangs in 
reserve which come into play successively as their predecessors may 
be torn out. 

In the mammals, succession is reduced to the familiar two sets of 
teeth, and there is a plain tendency both further to reduce the num¬ 
ber and do away with the division into two sets. The opossum has 
fifty teeth, but the ideal placental would have only forty-eight, and 
on account of losses here or there none exceeds forty-four except some 
of the whales whose teeth constitute a special problem. To be more 


3 - 1 - 4-2 

specific, the dental formula of the dog is- 

3 - 1 - 4-3 


42, but in the cat 


the teeth are reduced to--30. The lynx is made a separate ge- 

3-1-2-1 

nus because it has lost the first premolar of the upper jaw, and brought 

3-1-2-1 

the dentition down to-—28. 

3-1-2-1 

The losses of specific teeth among the mammals, however, are ob¬ 
viously of a different character from the general reduction in number 
met in the lower classes and bring us to the consideration of the next 
type of orthogenetic trend. 

Before going on, however, a caution should be noted. 

Nobody should suppose that in any of these cases, we are attempt¬ 
ing to cite actual lines of descent. The evidence indicates, rather, and 
I think most students would agree, that the actual ancestors of the 
higher forms listed passed through stages where the organs in ques¬ 
tion (not necessarily the whole organisms) corresponded with the 
earlier stages given. 

Nor could it be maintained that recognition of the sequence in 
such cases as have been given could be of much use to taxonomy. In 
most of these oases everybody recognises the more primitive types 
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from other criteria. Useful applications of this and the other principles 
to be given are to be had in working out the status of smaller groups 
which are made up of species much more closely related. For illus¬ 
trations of this sort, I must turn back to the plants which I know 
better. 

Take the tribe of grasses known sis Festuceae. In Eragrostig major, 
there are 40 to 10 similar flowers; in Eragroatis minor, 20 to 8; in the 
related blue grass, Poa pratensis, 5 to 3. In Cynoaurus, the fertile 
spikelets are 3- to 2-flowered. Lamarckia has numerous vestigial 
flowers in the sterile spikelet, and in the fertile, one perfect flower 
with vestiges of a second. 

In the Chlorideae, Leplochloa has 12 to 3 flowers; Eleusine 7 to 3; 
Gymnopogon rarely 3 or 2 but normally only 1; Boutdoa several 
flowers, all but one vestigial; and Cynodon is constantly one-flowered. 

In the Hordeae, Agropyron Smithii has 13 to 7 flowers; Agropyron 
repena about 5, Agropyron paueiflorum 2, barley and all the highest 
most specialized genera are reduced to one flower. 

In the higher tribes of grasses, the spikelets are uniformly one-flow¬ 
ered, but vestiges of a second flower are usually present. These are, 
however, in different relations to the fertile flower, thus indicating 
independent but parallel reduction from difi’erent ancestors. 

B. Fixation in the number of parts 

The third of the orthogenetic trends 1 shall mention is inextricably 
associated with the preceding. Not only are the numbers of parts 
reduced but the number is fixed. In the earliest stages, the numbers 
are large and indefinite. They become smaller and definite. 

Not only do mammals have less teeth than the lower groups, but 
the number of teeth is nearly always constant, and even varies com¬ 
paratively little even in the large groups. Not only arc the petals of 
ordinary flowers reduced to 6-5-4 or 3; they are, with only minor aber¬ 
rations, fixed at 6 or 5 or 4 or 3, and as all of you know, these numbers 
are characteristic of whole families or even orders. 

The same trend occurs in the higher level of the flower cluster of 
the aster family. In most composites, the number of disc flowers, 
ray flowers, and bracts is large and indefinite; but here and there the 
head has been reduced to a definite organization. Thus, in Cosmos 
and related genera, there are 16 bracts in the involucre in two sets of 
8 each and 8 ray flowers, each set alternating in position with the one 
outside it. In our common Chrysogonum, the involucre is made up of 
10 bracts in two sets of 5 each, the inner of which wrap around the 
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ovaries of the 6 fertile flowers. Other flowers are present but vestigial. 

So on down the list in each of the illustrations cited above and 
throughout nature generally, the numbers of parts become fixed and 
standardized at a relatively early stage in evolution; and thereafter 
the reductions which occur are, like the loss of the vestigial premolars 
in the lynx, very min or compared with the wholesale reduction that 
occurs earlier. 

C. Consolidation 

At a third stage in the reduction process, other tendencies begin 
to creep in which later become manifest in the development of new 
units. Primitive types are loosely knit. During the course of evolution 
they become more and more compact. 

In plants, consolidation expresses itself especially in the organiza¬ 
tion of flowers and flower clusters. Primitive flowers were solitary. 
Next they began to aggregate into loose clusters, the stems of these 
shortened produce simple racemes; further shortening of branches 
gives rise to unbranched spikes; the main axis then shortened, draw¬ 
ing all the flowers down into a compact head. 

Similarly the axis of the individual flower is shortened from the 
primitive condition of a pine cone seen in Magnolia to the stage of 
most flowers where the parts, instead of spiralling up an elongated 
axis as in the cone, are in circles one above another. 

Although this completely-eliminated axis might seem to represent 
the theoretical limit, stoppage of axial elongation goes much further 
in many families where the axial growth is inhibited before lateral 
growth is complete, with the result that the lower parts pile up 
around the center and the flower turns itself inside out, so to speak. 
Thus, an epigynous flower is produced in which the parts originally 
basal—sepals, petals, and stamens—are carried up around the ovary. 
In some cases, as in four-o’clocks, roses, and lythrums, the tube 
grown up around the ovary remains free from it but in a large major¬ 
ity of such flowers, the elevated parts grow fast to the ovary as in 
apples, melons, blueberries, and gooseberries. 

This orthogenetio trend is so characteristic and prevalent that it 
appears independently in many unrelated orders. To those mentioned 
we might add honeysuckles, composites, lobelias, cacti, begonias, 
aralias, carrots, and hydrangeas. 

The mouth parts of arthropods, originally the segmental append¬ 
ages of the somites in the oral region are in all but the lowest forms 
brought into close contact and fitted together around the mouth. As 
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in the flower clustera there is remarkably little tendency toward fusion 
of the separate appendages. 

Our own skull is as notable an example of this sort of thing as any. 
The skull of primitive vertebrates consisted of a loose basket-like 
aggregation of separate bones in which the mandibular, the auditory, 
the ocular, and even the olfactory regions were distinct units hung 
around the cranium but by no means a part of it. Here again al¬ 
though complete unity has been achieved by closely interlocking 
sutures, there is remarkably little fusion of bones. 

The same tendency toward consolidation of loosely arranged struc¬ 
tures is manifest in the nervous system of arthropods. The primitive 
groups have a double chain of ganglia strung along the length of the 
body. But the commisBures between these have shortened up in all 
higher forms. Here, as in the development of inferior ovaries in flow¬ 
ers, the consolidation of the parts carries us much further, into an¬ 
other type of reduction which is the next step. 

D. Coalescence of free parts 

The fusion of parts originally separate is carried out even more 
conspicuously in flowers by horizontal fusions than by the vertical 
concrescence around the ovary described in the development of flow¬ 
ers with inferior ovaries. 

The recognized distinction between lower and higher dicots is in 
the fusion of the separate petals, such as we And in pansies, into 
united corollas, as in petunias. Traces of the originally separate petals 
remain as ribs of the united corolla as in morning-glories or as project¬ 
ing lobes as in phloxes. While all of the highest dicots thus have sym¬ 
petalous corollas, there is abundant evidence that fusion really 
occurred and/or perhaps is still occurring over and over again inde¬ 
pendently in scores of families, as for instance in the Leguminosae 
where the flowers are certainly pol 3 rpetalous but show varying de¬ 
grees of fusion in many different genera. In the heath family, Labra¬ 
dor tea has separate petals but in most of the genera they are fused 
as in Azalia and Mountain laurel. In the olive family, the petals of 
fringe-tree and forsythia have barely united at the base, but those of 
lilac are joined half-way up. 

All the other flower parts show the same tendency, and there is 
every evidence that fusion has occurred independently in many un¬ 
related families. Thus we have united sepals in the calyx of a carna* 
tion, united carpels in innumerable fruits like orange, apple, banana* 
melons, etc. etc. 
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The trend toward fusion frequently reappears in clusters of flowers. 
Thus, a mulberry (Moms) resembles a blackberry, but while the 
blackberry is produced by the partial coalescence of the carpels of 
one flower, the mulberry is due to the fusion of many flowers, each 
one of which becomes a lobe of the fruit; and this tendency, mani¬ 
fested in various ways, is characteristic of the whole family Moraceae, 
e.g., bread-fruit and fig. 

A pineapple is a similar aggregate. The fruit which we eat includes 
the bracts as well as the ovaries of the many flowers as can be readily 
demonstrated by inspection of the fruit or more clearly yet, of the 
numerous showy blossoms at flowering time. 

Fusion of parts originally free is equally marked in animal organs. 
Everyone who eats chicken notes that the backbone in which the 
vertebrae, which may still be readily counted, is united into two 
units, one supporting the wings and the other the legs. That this con¬ 
solidation has developed in the class Aves is shown by a glance at 
Archaeopteryx where there is little more fusion of vertebrae than in 
reptiles. 

The segments of the originally simple arthropod body have been 
consolidated, as everybody knows, into the most highly differentiated 
cephalothoracic regions of insects, crustaceans, and spiders until deci¬ 
sion as to the exact number of segments of the aboriginal ancestor 
has become as difficult as in the vertebrate skull. 

The brain of arthropods and apparently that of vertebrates also 
originated in similar fashion. 

E. Elimination of some organs 

After large and indefinite series of organs have been reduced to 
small and definite numbers, the next step in the reduction process is 
the complete elimination of some sets. 

Among flowers, the loss of petals or sepals or stamens or carpeb is 
exceedingly common. Very often elimination has not been quite com¬ 
plete and tell-tale vestiges of the lost organs remain. 

Elimination of floral organs has occurred, so to speak, both whole¬ 
sale and retail. There are whole regions of the Angiosperms where the 
flowers have been reduced almost to their lowest terms such as the 
grasses, sedges, willows, hickories, oaks, birches, and spurges. Many 
individual genera or even single species in families with complete 
flowers have also suffered similar losses, as for example Isnardia in 
Onagraceae, Aruncus in Rosaceae, some species of a^ in Oleaoeae. 

Great confusion has resulted among botanists from failure to 
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understand that these flowers are reductions. It used to be supposed 
that such rudimentary flowers as willows and poplars were primitive 
and that evolution had proceeded by the addition and division of 
parts until finally the complete polymerous flowers of buttercups 
were achieved. There is no occasion here to go into the merits of this 
old controversy. Suffice it to say that if the terminal reduced twigs 
of the phylogenetic tree are regarded as relics of former main trunks, 
it is as difficult to find the connections with the roots as it would be 
if a similar attempt were made with an oak tree. Worse yet, each 
separate twig would require a different root and the family tree would 
become polyphyletic with a vengeance I 

One of the most fundamental eliminations of organa is in the sex 
organs of the vertebrate. The male and female sexes start develop¬ 
ment alike, clearly pointing back to a primitive hermaphroditic con¬ 
dition. The embryo lays down two urinogenital outlets on each side, 
the Wolffian and the Muellerian ducts. In the male, the Wolffian 
duct becomes the seminal duct and the Muellerian atrophies. In the 
female, the Muellerian duct becomes the Fallopian tube and the 
Wolffian atrophies. 

Eliminations in animals are so numerous and generally recognized 
that there is hardly need to point them out. Snakes have lost all 
their limbs, and some boas retain vestiges to prove it. Whales and sea 
cows have lost their hind limbs. Dinomia has only the slightest 
vestiges to show that it ever had wings, and other flightless birds 
like cassowaries, apteryx, and the ostriches show various stages in the 
loss of their wings. 

III. DIFFERENTIATION 

A. DiffererUiaiion of parts originaUy similar 

Soon after the number of parts is fixed, differentiation sets in. 
Parts originally similar become specialized to subserve diverse func¬ 
tions. Similar spike teeth segregate into incisors, canines, and molars. 
The vertebrae, all alike in the fishes, diversify until each one takes on 
peculiarities of its own. 

In flowers, the regular radiate blossom with petals all alike becomes 
a very irregular lipped flower like an orchid, a pea, or a snapdragon. 
All stages of the process may be seen in many unrelated families. The 
lowest member of the figwort family is the familiar mullein with al¬ 
most regular flowers still retaining the primitive 5 stamens. From 
this there is a complete series to the most irregular flowers like snap¬ 
dragons and louseworts in which the stamens are reduced to 4 or 2 
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and twisted out of all semblance to the straic^t and regular organs 
of the ancestral flower. 

In the Leguminosae, all transitions from regular flowers like Mir 
moaa through Caaaia down to the highly one-sided peas are familiar. 

No such series occurs in the orchids, all members of the family hav¬ 
ing very highly one-sided flowers, but botanists place orchids at the 
summit of the monocots for exactly this reason. That is, though the 
stages in their differentiation are gone, we recognize the applicability 
of the nde in assigning them this position. 

B. Progreaaive ateriliiaiion 

The original and most fundamental differentiation was the sterili¬ 
zation of most of the cells in the body. In the original unicellular or¬ 
ganisms all cells were of course reproductive. The most prinutive 
colonies are in the same condition. But very early reproductive func¬ 
tions were restricted to special ceils. From that time on, a large part 
of the course of evolution has centered around a continuously pro¬ 
gressive sterilization of reproductive tissues with accompanying dif¬ 
ferentiation of the sterilized elements into vegetative organs. 

This is hardly the place to call attention to the fact that the so- 
called “race suicide” of the cultured classes, which bothers us so 
much, is a homologous biological phenomenon. How serious it may 
become we cannot guess, but we may remark that there was probably 
no occasion to worry over the “suicide” of the first brain cells. 

But this aspect of progressive sterilization, followed by differen¬ 
tiation, brings us to another well-known characteristic of living 
organisms. 

IV. SUBSTITUTION OF ONE FUNCTION FOR ANOTHER 

All of you are familiar with the fact that almost every new organ 
of animals and plants consists of an old one made over to serve a new 
function. 

Stamens and carpels are clearly “made-over” leaves. This is not 
manifest from inspection but is clearly demonstrable by study of 
comparative anatomy. 

Similarly, petals and sepals are as definitely sterilized stamens made 
over into new functions. While the original differentiation of sepals 
and petals occurred in the unknown ancestry of the Angiosperms, 
the orthogenetic tendency in that direction continues in many 
families. 

The flower of canna has its full complement of both sepals and 
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petals, but those are not what you see when you look at a canna 
flower. The conspicuous part of this flower consists of sterilized star 
mens enlarged and made petaloid. Only one-half of one stamen re¬ 
mains fimctional, riding like an appendage apparently out of place 
on the big staminode to which the rest of it has been transformed. 

The tendency to make stamens over into petaloid structures is 
pronounced throughout the higher monocot families, viz., in bananas, 
gingers, arrowroots, and orchids as well as in cannas. 

But the same tendency is latent in many families of flowering 
plants, dicots as well as monocots, even though it does not normally 
come to expression. Many of the “double" varieties, which occur in 
almost all types of ornamental plants, are produced simply by the 
conversion of stamens into petals, as you may see by comparing 
wild roses with our hybrid tea types. 

The metamorphoses of fins of fish to legs, of the forelegs to flippers 
in whale, to wings in bats and birds, are too familiar to be mentioned. 
The scales on the top of the fish’s head became part of the bony skull. 

It is BO obvious that there is no need of saying it that a species with 
metamorphosed structure has been derived from one unchanged. The 
point for us here is that such metamorphoses take a long time, that 
there are many stages in the process which therefore constitutes an 
orthogenotic trend. 

V. ANNEXATION OF ACCBB80RT PARTS 

The tendency toward consolidation often goes far beyond the or¬ 
gans immediately concerned. It seems as though a definite principle 
of organization grips all living structures which come close enough 
together to establish interrelations. 

Many familiar examples will occur to you. The scales of the winter 
bud which protect the head of dogwood flowers expand at flowering 
time into the large white petaloid structures which make the dogwood 
so beautiful. The topmost leaves of the poinsettia take on the bright 
red which makes them desirable for Christmas decorations. The leaves 
below the head in the composites are brought into the organization 
and become analogous to sepals. The bracts subtending the flowers 
of grasses, becoming glumes, carry on the subsequent evolution of the 
group. In some grasses, where the spikelets are brought down close 
to bracts of a second order, these in turn are taken into the organiza¬ 
tion and become functionally comparable to glumes, as in the husk 
of maize or the hull of a sand burr. 

Again when in composites the heads with their bracts are brought 
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close together in the axils of lower leaves, these may become to 
all intents and purposes involucral bracts, and the compound head 
starts on a new line of evolution as in our common EkphatUopua 
where the marginal ray flowers radiate, not from each head, but from 
the center of the cluster of heads, making the cluster analogous to a 
single flower. 

In the pineapple, pulpefaction spreads from the ovaries through 
the bracts, and in some tropical varieties when fully ripened, to the 
main axis of the flower cluster as well. 

The fact that our unified vertebrate head was achieved by the 
addition of gill arches and other organs originally separate entities 
has already been alluded to. 

VI. THE NARROWING POSSIBILITIES OF EVOLUTION 

As the evolution in any group proceeds the possibilities of diversi- 
floation continually contract. 

In the beginning, unrestrained by heredity, variations had free 
rein. The differences among unicellular organisms are more fundsr 
mental than those between the most diverse of the higher organisms. 
Blue-green algae, diatoms, ciliates, rhizopods, slime molds, and bac¬ 
teria differ far more among themselves than do higher plants from 
higher animals. Among the bacteria, for instance, we have one group 
which has built its metabolism around the oxidation of sulfur, and 
another which oxidizes iron as a source of energy, while the proto¬ 
plasm of all higher organisms is built on carbon chemistry. 

The cytology, nuclear behavior, and consequently the heredity of 
all higher organisms, both plants and animals, is essentially the same. 
Otherwise, Mendel’s law could not hold in guinea-pigs as in peas. 
But among unicellulars there are several entirely different types of 
cell organization the mechanism of which would preclude Mendelian 
inheritance. 

Like most other laws of evolution, this narrowing path of progress 
finds a perfect analogy in human artifacts. Take the automobile. 
Those of you who can remember the early days of “horseless car¬ 
riages’’ will recall the fundamental diversity of the early types. Beside 
gas buggies, there were steam and electric carriages. They were high¬ 
wheeled and low-wheeled with cushion tires, as well .as pneumatic. 
Among the gas engines, some had one cylinder, some two, as well as 
others with four. A fundamentally different type of transmission sur¬ 
vived for many years in the old Model-T Ford. 

The history of the automobile gives a clear answer to the cause of 
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the phenomenon. The diverse early types were eliminated by what 
amounts to natural selection. As the better types were proven out in 
use, it became impossible to sell the others until today all cars have 
approached so closely to a common standard of excellence that there 
is little to choose among them and the manufacturers fearing to adopt 
radical departures such as putting the motor in the rear have begun 
to waste their energies on inconsequential gadgets. 

This is exactly the situation among organisms. In the early stages, 
protoplasm can go off into all sorts of experiments but as the type 
becomes fixed, heredity restricts variations to minor features and in 
the end we get mere diversity without any real difference. Many 
authors have called these later stages “speciation” and have empha¬ 
sized the differences between speciation, evolution with a small e and 
Evolution of the larger characters. Evolution with a big E. 

Dollo’s well-known “law of the irreversibility of Evolution” is, of 
course, only a special case of the broader law of the narrowing possi¬ 
bility of variation. 

Only two examples of the fundamental diversification wliich occurs 
in primitive groups may be given. Among primitive Notoungulata, 
a fossil order of hoofed mammals peculiar to South America, Simpson* 
found m the animals in a single quarry, i.e., those living together as 
one species in one time and at one place, characters upon which had 
been based seventeen species, seven genera, and three families. 

The important consideration for us is: the criteria by which these 
families, genera, and species had been founded constitute valid dis¬ 
tinctions for separating such groups among the later, more advanced 
members of this same order. 

Among plants, the primitive family Anonaceae has more different 
kinds of floral structures than are to be found in any other one family, 
some of them not duplieated anywhere else among flowering plants. 
Yet indubitably all are closely related and proiierly placed in a single 
family. 

This narrowing of the path of evolution seems to me to refute the 
claim of the geneticists that mutations are purely at random. You 
might as well argue about the random aberrations of a canal boat 
swinging on its tow-rope as compared with the course of a ship on the 
open sea, as to conclude that the random mutations of Drosophila 
tell us much about the evolution of insects. 

I am not trying to minimize the importance of the mutations of 
Drosophila. They have been the key to wonderful advances in our 

* SufPBON, O. Q. Supra-np€€xfie vana:tion. Am Nat 71:247. 1937 
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understanding of inheritance. But their relation to the evolution of 
insects has yet to be made known. 

Those inclined to believe that changes significant for evolution 
occur at random would do well to ponder the implications of a paper 
by one of the greatest of geneticists, N. I. Vavilof, entitled, Homolo¬ 
gous variation.* Assembling all the species and varieties of cultivated 
plants and their relatives in his experimental gardens, Vavilof ob¬ 
served that related types rep>eat over and over again the same series 
of characters, i.e., that homologous mutations had occurred in related 
types. 

For instance, there are three groups of wheats. In the first group, 
Tnttcum compactum and T. spelta arc closely allied to T. vulgare and 
rofient all the varieties of it. 

The second group repeats the varieties of the first, e.g., there are 
varieties with white, red, and black ears, smooth and hairy ears; with 
white and red grains; winter and spring wheats; only beardless varie¬ 
ties are unknown. 

The third group repeats the varieties of the second. 

The similarity of the characters of the varieties of the three species 
of pumpkins, Cucurbtta maxima, C. pepo and C. moschata interested 
Darwin who thought it accidental. Vavilof brings it under the reign 
of his law of Homologous variation. He shows further that the species 
of related genera show the same homology in their variation. Thus 
Cucurbita (pumpkin), Cucumis (cucumber), and Ciiruttus (water¬ 
melon), all have types with fruits round, oblong, flat and segmented; 
white, green, yellow, brown, black; monochrome, streaked, or 
spotted; each has both sweet and bitter varieties; and all show 
homologous variations in color and hairiness of petals. 

He lists 34 homologous variations that have occurred in both wheat 
{Triticum) and Bye {SecaU) and shows that the related genera Agro- 
pyrum and Aegtlops though studied in less detail repeat in general 
the same series. 

Following up his belief in homologous variation Vavilof sent out 
expeditions to search for varieties with characters known only in 
related types and was successful in finding them, very much as the 
chemists have filled the gaps in the periodic table of the elements. 

The very homology in the mutations responsible for these charac¬ 
ters by itself disposes of any supposition that they occurred at ran¬ 
dom. The same force must have acted independently in each of these 
parallel mutations. 

' Journ. Genetics 12: 47-80 1922 
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Wliile much of the convergence observed in plants and animal H is 
clearly adaptive like the streamlined bodies of fishes, whales, seals, 
and manatees, most of the homologous characters dealt with by 
Vavilof are of no conceivable use to the organism and furnish no 
handle for natural selection to take hold of. 

If they were useful their adaptiveness would necessarily be alterna¬ 
tive. That is, natural selection would have preserved the more useful, 
for example, say leaves without ligulcs, and eliminated the others, 
leaves with ligules. 

APPLICATION OF OBTHOQBNESIS TO REBEABCH 

1 have listed some of the orthogenetic trends characteristic of or¬ 
ganisms, and I have given data enough, I think, to prove their reality. 
Certainly more could be supplied to the extent that time and space 
permitted. Our further task is to apply such information to the 
problems of taxonomy. 

One illustration of the use of those considerations, which occurred 
right here in our midst, was Hitchcock’s treatment of the grasses. 
When he wrote the Gramineae for Gray’s Manual in 1908, he used 
the old conventional system which put maize at the beginning, but 
in his Genera of grasses 1920, he adopted a system in accord with the 
orthogenetic trends here listed. 

The difference in the mind of a student is very much the same as the 
enlightenment which suddenly dawned on all biologists when they 
first looked at organisms from the point of view of evolution. Like 
the theory of evolution itself it gave meaning and coherence to a mass 
of heterogeneous detail which before had been merely a burden on 
the memory. 

If it be granted that every group of plants should be set into such 
an orthogenetic order and that the same should be done for animals, 
it must be recognized that the accomplishment of such an undertak¬ 
ing is a task not only of large magnitude but of considerable difficulty 
as well. 

It might seem that, given the guiding principles, any child could 
make the applications. But it is not so. Although these orthogenetic 
trends are general characteristics of organisms, they are not organ- 
ismal. 

Each trend pursues its own course independent of all the other 
trends to which the organism is subject. One genus may have gone 
far in reducing the numbers of its parts but have made no progress in 
differentiation or in the fusion of parts. Another genus in the same 
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family will show much differentiation but retain a primitive number 
of parts. That is, most close-knit groups of organisms can be arranged 
in various ways, depending on which of the orthogenetio trends pres¬ 
ent is used as the basis of classification. The problem of the taxono¬ 
mist is to decide which of the trends present is most significant in the 
case in hand. 

COMPETITION A POSSIBLE EXPLANATION OF ORTHOGENESIS 

Before closing it will be well to take up the question of the cause of 
orthogenesis which I sidestepped at the beginning. I repeat that 
whether we understand it or not, orthogenesis must be accepted as 
the way of evolution. Yet we will never be satisfied until we penetrate 
the mystery and reveal the cause. It is unnecessary to say that I am 
not prepared to discuss this question with any degree of assurance 
or of specification, but there are some simple and well-known biologi¬ 
cal principles which may have a large bearing on the problem. 

Why should there be a reduction in numbers of parts? Remember¬ 
ing that in the beginning of aggregation of cells—and to a consider¬ 
able extent ever since—each individual cell maintains its own funda¬ 
mental entity, we may ask why some should be eliminated. The 
answer comes to our lips almost automatic ally: It is the fittest, or 
more accurately, it is the most favorably placed, that survive. 

In marvelling at coordination characteristic of multicellular 
plants and animals, we are apt to forget that their individual cells 
and organs are still in competition with each other. But we sec ex¬ 
amples of this fact every day in the buds of a tree which are laid down 
in numbers far beyond the possibilities of development. If some are 
removed, others which could never have developed in the presence 
of more favored competitors begin growth. It has been proven that 
the dormant buds are suppressed by the growth of the dominant ones. 
There is a metabolic gradient from the dominant leader backward 
and inhibiting hormones are sent back from the leader which prevent 
the growth of subordinate buds. 

Similar mctalmlic gradients are characteristic of the animal body. 
They have been studied extensively by C. M. Child. He found that 
the orientation of the body is definitely controlled by these metabolic 
gradients. In simple planarians he was able experimentally to alter 
the metabolic gra^ents. By doing so, he was able to shift the head of 
the animal around almost at will. 

No one has attempted to see how far metabolic gradients could be 
instrumental in directing the evolution of the race as they certmnly 
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do determine the development of the individual. In view of the simi¬ 
larity of the two cases there is no more occasion for assigning mystical 
agencies as the cause of orthogenesis than there is for bringing them 
into the explanation of the development of the individual. 

Again a geneticist would say that the variations reported by Vavilof 
are homologous because the genetic constitution of related types is 
homologous. Given the closely similar gene complexes, closely similar 
mutations would be expected. This again is, however, only a restate¬ 
ment of the Law of the narrowing possibility of evolution. 

Finally, it should be pointed out that these orthogenetic trends are 
largely unadaptive. In a few cascB,such as the differentiation of the 
teeth, advantages to the organism may be made out. But generally, 
nothing of the sort can be imagined. For the most part, the adaptive 
sequences in evolution are superposed on the great orthogenetic 
trends but are entirely independent of them. 

In the spurge family, Euphorbiaceae, for example, there is an or¬ 
thogenetic series in the reduction from fairly typical flowers down to 
vestiges which could never be recognized as flowers if we did not have 
a complete series of integrating transitional forms. But no one could 
pretend that this change is advantageous. Alongside this, and en¬ 
tirely unrelated to it, is a modification of the plant body from that 
with typical leafy shoots into a series of leaflesw desert plants so simi¬ 
lar to the cacti that they can be told apart only by techmeal charac¬ 
ters. The independence of orthogenesis from environmental stimuli 
has been pointed out by many writers and there is no time to elabo¬ 
rate or further to illustrate here. 

Our concern with the lack of adaptiveness in the main trends of 
evolution is its relation to the claims of the geneticists. In their belief, 
the orderliness of nature has been brought about entirely by the elimi¬ 
nation of unfit mutations through natural selection. 

Thus their case is entirely dependent on a demonstration that all 
trends observed in the evolution of all groups are adaptive, i.e., so 
useful to the organism that natural selection can take hold of them. 
It appears to me, as it has to others, that it is fairly easy to show that 
many of these trends are not so related. 

I have alluded to a few instances of this but there is no time to¬ 
night to take up the evidence in detail. 

So here I must rest my case. 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

CHEMICAL SOCIETY 
502nd meeting 

The 602nd meeting was held in Corcoran Hall, George Washington Uni¬ 
versity, on Thursday, October 13, 1038, with President Drake in the chair. 
After the reading of the minutes, the President thanked the authorities of 
the University for the use of the meeting rooms. He next outlined to the 
membership the newly adopted plan of informal meetings to be sponsored by 
the Society These meetings are to be held at irregular intervals, the object 
being the promotion of a fuller discussion of topics of considerable interest, 
particularly in connection with recent advances in chemistry, and to further 
the interests of special groups of chemists withm the Society. The presenta¬ 
tion of the subject matter at these meetings is to be inform^, with an ample 
oprrartunity for a full and free discussion. 

The following program was presented iii three sections: 

Analytical and Inorganic Chemistry, G. R. F. Lundell presiding: 

Bourdon F. Scribner: The operation of a apectromaphic laboratory. — 
Both prism and grating spectrographs applicable to analytical work arc com¬ 
mercially available The prism types are of the Cornu or Littrow designs and 
the grating spectrographs of the Abney and Eagle mountings. The equip¬ 
ment for a laboratory should consist of a spectrograph costing 11,000 to 
$3,000 and accessory apparatus for excitation of spectra and examination of 
plates, costing from $300 to $1,000. In addition, a dark room for photographic 
processing and chemical facilities for preparation of samples are required 

The laboratory at the National Bureau of Standards is ^uipp^ with a 
large stigmatic grating spectrograph with a dispersion of 6 Angstrom units 
per mm. and a large quartz Littrow spectrograph with accessories. The analy¬ 
ses made eu'c (1) qualitative examination of samples for 55 to 70 elements, 
using a micrometer comparator; (2) rough quantitative analysis to ± 10 per 
cent of the amount present, by direct comparison of the spectra of the un¬ 
known and a senes of standards; and (3) refined quantitative analysis to 
±3 per cent of the amount present using a densitometer and plate cahbra- 
tion. 

The qualitative analysis, in which the concentrations of the elements 
present arc estimated to a factor of 10, is applied to tests of purity, surve}rs 
preliminary to chemical analysis, identification of precipitates and concen¬ 
trates, and companson of museum specimens ^antitative analyses in the 
range of concentrations below 10 per cent are made of tin and iron and of 
various constituents in steel, zinc, gold, refractories and water residues. 
iAuthor'8 Abstract) 

C. J. Rodden: Some observations on the chemistry of the rare earths .—^The 
abundance and sources of the rare earths with the general meUiods of 
separation were described with comments on the newer methods of isolating 
the rare earth elements. The physical and chemical properties were dracribed 
showing the characteristic absorption spectra which were taken using but 
0.3 to 0.5 ml. of solution. The use of the phj^cal proi^rties was indic^tra in 
the separation of the elements. The analytical chemistry up to the present 
was commented on with emphasis on the lack of methods for determining the 
separate elements. A survey of the general uses of these elements and their 
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Balts showed that the uses up to the present are meager. (Aulhor^a Abstract ) 

W. D. Urry; Isolation and tneasuremeni of small quantiiiea of helium from 
radioactive decay, —No abstract received. 

Organic chemistry, 8 . N. Wrenn presiding: 

R. P. Jacobson: Structure of Saraa^Sapogenin, —From a study of a num¬ 
ber of transformation products of saraa-sapogenoic acid it is concluded that 
this substance contains in the side chain a 7-keto acid grouping attached to 
a Butetituted tctraliydrofurane ring. The side chain characteristic of the 
steroid sapogenins probably contains two tetrahydrofurane rings corre¬ 
sponding to the formulation first proposed by Tschesche and Hagedorn. 
{Author*s Abstract.) 

J. R. Spies: Ch^ical study of some constitueTUs of the croton bean (C. tig- 
lium L.).—The author’s work on the fish-poisomng and vesicant principle of 
the croton bean (C. tighum L.) was reviewed. The aglycone fragment of the 
croton bean nucleoside (2-oxy-6-amino-puririe-d-ribo8idc) could not be 
deaminated with nitrous acid The isogaunino from this nucleoside was 
dcaminated, however, by refluxing with constant boiling hydrochloric acid. 
The xanthine so obtained was identified by analysis and by its transforma¬ 
tion into bromocaffeine and ethoxy caffeine. Isoguanine crystaUizes in 
rosettes as a hydrate containing one and one-half molecules of water of 
crystallization (CiH*ONi IJHtO). laoguanmc was cited as an unusual com¬ 
pound which apparently cannot be deaminated with nitrous acid but can be 
deaminated by refluxing with constant boiling hydrochloric acid 2-oxy-6-8- 
di8unino-purine was obtained from isoguanino by coupling it with 2-4- 
dichlorodiazomum chloride and reducing the red coupling compound. The 
sulfate, hydrochloride, acetate, carbonate, and picratc of ^Hoxy-C-S-diammo- 
purine have been prepared and the formulas of these salts were df»tcrmined 
All of tliose salts are crystalline and exhibit birefnngence when viowe^d with 
a polarizing microscope. Unlike isoguanine, 2-oxy-fi-8-diamino-purine forms 
stable salts with both acetic acid and carbon dioxide {Author^s Abstract.) 

Horace S. Isbell: The nomendaiure of the sugars and their denvaiives .— 
The various proposals which have been made for renaming the sugars show 
the need for the adoption of a definite policy for naming tlie higher sugars 
and their denvative^. E. Votocek (Collection Czechoslov. Chem. Commum- 
cations 10: 264, 1938) has suggested sutetituting d or I for Fisher’s a and /9 
or Eisner’s a or b (Tollens-Elsner Handbuch der Kohlenhydraie, 4th Edi¬ 


tion, page 391). Thus d-cr-glucoheptose or d-gluco-o-heptose becomes d- 
gluco-d-heptose In the latter name the first d refers to the configuration of 
the terminal asjmnmetric carbon, while the other d symbol refers to carbon 
2. Hudson (J. Am. Chem. Soc. 60, 1537, 1938) has suggested calling the 
same product i>-gluco-i?-gulo-heptose. In this name the first d or 2 symbol 
refers to the configuration of the terminal asymmetric carbon, wWe the 
second refers to the configuration of the fifth carbon. Obviously if both 
proposals ore used for naming new sugars, much confusion will result. The 
suggestion made by C. D. Hurd (Symposium on the nomenclature of the 
sugars, American Chemical Society, Milwaukee, Wis., Septeinber 8, 1938) 
to drop the first term in Hudson’s proposed name and to substitute a scries 
of letters to represent ^e configurations of the higher carbons would offer 
a good compromise provided the customary d and I nomenclature was main¬ 
tained by using as the first letter a d or I svmbol. For example, d-o-gluco- 
heptose could be called d-d-guloheptose. In this name the first symbol repre¬ 
sents the configuration of carbon 6, while the term d-gulo represents the con¬ 
figuration of carbons 2, 3, 4, and 5. If the names for the higher sugars are 
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to be based on the structurally related hexoses, the analogy should include 
the glycosidic carbon so that the alpha modifications of the heptoees will 
correspond to the alpha modifications of the structurally relatra hexoses. 
A classification of this character results by calling substances having like 
configurations for the glycosidic and ring-forming carbons alpha, and calling 
substances having unlike configurations from the glycosidic and ring¬ 
forming carbons beta. {Author’s Abstract.) 

Physical Chemistry, B. D. Van Evera presiding: 

Jacinto Steinhabdt: Solubility anoinaltea in crydaUine proteins .—^The 
speaker reported on work performed in the Department of Physical Chem¬ 
istry, Harvard Medical School, to be published in the Proceedings of the 
Symposium on Proteins held at Cold Spring Harbor in July 1938 in part, 
and ^80 in the Journal of Biological Chemistry. No abstract was receiv^. 

Okoboe W. Mobet and John S. Bublxw: A filter autoleave Jar solubility 
measurements at elevated temperatures and atmosphme pressure .—A new type 
of autoclave has been designed for the purpose of making precise solubility 
measurements in alkaline solutions at elevated temperatures and atmos- 
phcnc pressure. With it a mixture of solid and liquid at a constant tempera¬ 
ture can be stirred in a silver vessel and then mtered through a platmum 
felt, after which the filtrate is cooled and analysed. The technique of such 
measurements is illustrated by data concerning part of the system NaOH— 
NatCOi-HiO between 60 and 70° C. (A detailed description of this research 
appears in Am. J. Sd., 3SA: 285 (1938).) {Authors* Abstract.) 

J. Leslie Jones: Kinetics of the thermal isomerisation of eis-dichlor<h 
ethylene.—Tho kinetics of the gaseous thermal isomerization of cts-dichloro- 
ethylene into the irons form has been investigated over the temperature 
range 660-620° K. The change in the percentage composition of the gas 
phase was followed by condensing the product after a period of time and 
measuring tho condensation vapor pressure of 0° C. A laif e scale calibration 
curve was employed to determine the percentage isomerization. The iso¬ 
merization was found to be practically homogeneous after properly treating 
the reaction vessel. The rates of tho forward and reverse reactions wore 
found to be given by the unimolecular rate constants 

jfc-2.5X10‘«r”“W" 

and 

ifc,«2.7Xl0*e-“'««"' 

respectively. 

The simple theory of Hinshelwood is inadequate to account for such small 
values of the temperature independent factor, which is smaller than the 
usual value by a factor of 10*. A theory is proposed to account for this ab¬ 
normally slow reaction. It involved the loosening of one bond in the double 
bond, a relative rotation through 180° by ono of the carbon atoms accom¬ 
panying an inversion of one carbon atom and closure of the double bond. 
{Aidhor's Abstract.) 


Frank C. Kbacek, Secretary 
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PALEONTOLOGY.—Setigerites nom. now. a auhgenus of Productus.^ 
George H. Girty, U. S. Geological Survey. 

By a regrettable oversight, the writer, in the October number of this 
Journal, published the name Setigerella as a subgenus of Produdua, 
overlooking the fact, which has been recently called to his attention, 
that Setigerella had been used by Ehrenberg as long ago as 1872. 
Setigerella Girty is herewith replaced by Setigeritee Girty, with the 
same connotation. 

BOTANY .—A New palm from Costa Riot, Astrocaryum alatum.* 
H. F. Loomis, U. S. Plant Introduction Garden, Coconut Grove, 
Florida. (Communicated by S. F. Blake.) 

Botanists or others interested in the individual elements of the 
tropical forests through which passes the railroad leading from Puerto 
Limon to San Jose, Costa Rica, must have observed at frequent in¬ 
tervals in traversing the lowlands of the Province of Limop, a rather 
large palm with many graceful pinnate leaves, dark green above but 
pearl grayish-green on the underside. The trunk itself of the palm 
may be hidden completely by a varied growth of vines, aroids, ferns, 
and other small plants which find foothold in the accumulations of 
humus in the axils of the spiny leaf-bases which remain attached to 
the trunk long after the leaves have fallen. From the crown of leaves 
several densely packed clusters of large, spiny fruits droop on 
viciously spiny stems. Closer inspection revesJs other details which 
show that the palm belongs to the genus Astrocaryum, represented in 
South America by many species but with only two species thus far 
recognized in Central America, A. standleyanum Bailey in Panama 
and A. confertum Wendl. in Costa Rica. Another species, found in 
Honduras, British Honduras, Guatemala and southern Mexico and 
long known as A. mexicanum Liebm., recently has been removed from 
Astrocaryum and made the type of the genus Hexopetion, and may be 
excluded from consideration here. 

^ Reoelved January 3, 1939 

* Rnoeived January 0, 1939. 
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Attempts to identify the Limon Ph>vince palm with any of the 
recognized species of Astrocari/um have failed, and the conclusion is 
forced that, in spite of its abimdance and long accessability to col¬ 
lectors, it has remained undescribed. Hence, a technical account of 
the characters is presented and the specific name alatum is proposed 
in reference to the peculiar winged spines on the under side of the 
rachis of the leaves. A. alatum differs further from both A. slandleya- 
num and confertum in having female flowers and fruits borne directly 
on the central spadix instead of on its lateral branches, these having 
the male flowers continuous from the base to or almost to the apex. 
The large, spiny, laterally compressed fruits also are distinctive. 

In the neighborhood of Cairo, a few miles west of Siquirres, this 
palm is known only by the Spanish name “Coquito,” this name being 
credited in Dahlgren’s Index of American Palma, Field Mus. Nat. 
Hist., Bot. ser., 14, 1936, to the American oil palm, Corozo dleifera, 
in Costa Rica. The names “Zurubre," “CoyoliUo,” and “Coyolito,” 
listed in the Index as applied to Aatrocaryum confertum, were not 
recognized by the natives at Cairo as connected with any palm, hence 
it may be inferred that the range of confertum does not approach very 
close to Cairo. 


Astrocarynm alatum Loomis, sp. nov. 

Caudex soUtarius 3-6 m altus 12-16 cm crassus non spinosus, basibus 
foliorum spinosiB tmrsistentibus; folia usque ad 6 dm longa, segmentis ir- 
regulariter contiguis, petiolo subtus apinoso spinis baseos applanatis usque 
ad 16 cm longis, racni subtus spinosa spinis brevioribus lateraliter alatis; 
rami spadicis plusquam 40 omnino staminei; flores femineae in rachi spadicis 
inter ramos; fructus magnus apinoeus apice subrostratus et inermia, in 
racemo ccnipresso; semen obovatum apice rotundatum bad scutum extus 
fibrosum fibris complanatis ad foramina vergentibua. 

Trunk solitary, 12 to 18 feet high and 5 to 6 inches in diameter, lacking 
spines but with spiny leaf-bases of the old leaves persistent to the ground; 
leaves numerous, 30 or more on mature palms, moderately arching, 18 to 
20 feet long, the petiole accountmg for half to a third of this length; pinnae 
seldom solitary, commonly in clusters of 2 to 16 segments completely 
joined, infrequently separated for a short distance above the base, the clus¬ 
ters of mnnae closely placed on the rachis, usually not over 2 inches apart; 
terminal 6 to 16 pinnae joined into a quadnmgular (^up: one leaf-blade 
11.5 feet long has 96 pinnae on the right side grouped in clusters as follows 
beguuung at the bases 6—6—6—7—2—2—6—2—1(^7—1—4—4—6—6—2-6—3—13; the 92 
pinnae on the left side: 9-10-3-3-4-2- 4 - 4 - 1 -1-7-6-5-4-2-10-1-13; on this 
leaf the left basal pinna is 30 inches long, a pinna at middle of blade is 37.7 
inches long, and the left terminal pinna is 8.2 inches long; in<fividual pin- 
nM, whether solitary or joined in groups, not over 1.2 inches wide; tips of 
pinnae obliquely erose-truncate; free lateral margins of pinnae with a few 
tiny brown terete spines; dorsal surface of pinnae dark green, id^brous, 
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Fir. 2. —ABirocatyum dalum, n sp A, flowering infloresoence in apathe on a 
section of leaf, greatly reduced, B, close view of part of same inflorescenoe, less than 
half natural siie. C, fruit out to show need, natural eiie D, fruit cluster with some 
fruit removed to show arrangement and form of fruit, basal cups and spadi:^ less than 
half natural sue (A and B by H. Fittier, C by O. F. Cook * C B Doyle, D by H. F, 
Loomis) 
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ventral surface silvery gray-green, densely scurfy and with minute erect 
spinules or glandular hairs scarcely visible without magnification but ap¬ 
parent to the touch; on young unexpanded leaves the tips of the pinnae on 
each side of the bl^e are joined or protected by a continuous strap-like 
element which separates from the tips when the le^ unfolds and bangs from 
the Apex of the basal pinna, one such unbroken appendage which was col¬ 
lected is 8 feet 5 inches long and about a quarter of an inch wide, the outer 
end suddenly somewhat thickened and ending in a sheath-like hook with 
the surface and the outer margin of the strap below it beset with short, 
brown, ciliaceous spinules; leaf petioles from 6 to 10 feet long, smooth above 
and concave nearly to the blade, moderately spiny below at base which 
remains attached to the trunk long after the remainder of the leaf falls, the 
spin^ decreasing in number and size above, the basal ones black, simple, 
attaining 0.5 inches in length and a quarter of an inch across, in cross sec¬ 
tion lenticular, scmi-circular or triangular, further out on the petiole, and 
especially on the rachis, the spines are flatter and develop a thin supple¬ 
mentary wing-hke expansion on the basal half each side, its apical portion 
often acute and free from the spine, the outer margin sometimes slightly 
laciniate; spines deep brown, the lateral wings lighter, most spines somewhat 
reflexed, rising from the proximal side of a pulvinate swelling; rachis with a 
strong median rib above, ventral basal spines 1 to 1.5 inches long, outwardly 
decreasing in sixe and number and not present on the last foot or two of the 
rachis; spathc densely beset with subcrect spines up to an inch long, the 
spathe splitting along the outer or lower side at flowering and afterward 
persisting and usually partly covering the fruit cluster; p^uncle of laflo- 
rosocnce oval in cross section, less than 2 feet long and up to an inch broad, 
more densely spiny than any other part of the palm, the spines directed 
toward the inflorescence, less than half an inch long, flattened, the apical 
half often bent or even slightly undulate, the basal half densely woolly with 
lateral margins occasionally moderately winged, surface of peduncle be¬ 
tween the spines also densely woolly; inflorescence short and thick, with 
over 40 simple branches attaining 7 inches in length and borne on a spadix 
8 inches or more long; spadix and branches densely woolly between the 
flowers; branches completely occupied, except occasionally for a half inch 
at apex, by the male flowers which arc closely crowded and in no consistent 
arrangement, basal or outer envelope of flowers small, chartaceous, with 
broadty triangular lobes reaching less than half way to the apex of the bud, 
open flowers not seen but in a detailed photograph taken many years ago 
the lobes of the inner envelope are not curved outward in the slightest, the 
elongate anthers borne on laments twice as long; female flowers sessile, 
borne directly on the spadix among the simple branches but appearing to 
have no fixed relation to them, CBJ3rx and corolla distally provided with 
closely applied, ascending spinules, those on the calyx usually more strongly 
develop^; on mature fruits the two basal envelopes are irregular produced 
at apex but are smaller and lacking the distinctly angular lol^ of A. 
sian^lf/anum; fruit clusters several to 8 or 9, infrequently suberect but 
usually drooping, composed of 25 to 50 large fruits attaining 8 inches in 
len^h and so ti^tly packed that their shape, and that of the enclosed seeds, 
is imected by mutual compression during growth and Mveral flattened faces 
are produced on the basaJ portion of each fimit, distally the fruits arc 
rounded, the surface rusty brownish-green with many erect, curved or 
straight spines not extending onto the produced, broadly conic tip; flesh of 
fruit white, firm, an eighth of an inch thick; seeds sometimes exceeding 2 
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inches in len^, strongly oboval. shandy pointed at covered with 
coarse, very closely apjmed, irreraarly ascending, branching fibers converg¬ 
ing radially at the three pores; shell an eighth to a quarter of an inch thick, 
ve^ hard; albumen white, hollow at center. 

The foregoing description is based on material gathered in the forest and 
on palms examined there. In clearings where this palm has been lUlowed to 
remain, its aspect is quite different from that of the shade form, as it appears 
much more compact because the petioles and blades of the leaves arc 
shorter, the latter with the groups of pinnae more closely placed on the 
rachia. Young palms of this species show a characteristic development of 
the leaves in that the pinnae almost never are separated; leaf-blades as much 
as four or five feet long remaining entire or at most with but one or two divi¬ 
sions on each side. 

The type specimens deposited in the U. S. National Herbarium under 
numbers 474461-474457, were collected in the forest at Rio Hondo, Plains 
of Santa Clara, Costa Kca, altitude 100 meters, May 7, 1003, by 0. F. 
Cook and C. B Doyle under their number 684. Specimen 474452 is an 
inflorescence with flowers not quite old enough to open, the other specimens 
apparently arc portions of a single leaf. Photographs of this species, made 
by 0. F. Cook and C. B. Doyle in 1903 and H. Ktiier in 1906, have been 
studied, parts of several of these being herein reproduced, and in addition 
the writer collected fruiting and leaf material at Cairo, Costa Rica, in 1937 
and 1938 and sent it and seed to the Division of Plant Exploration and In¬ 
troduction, Bureau of Plant Industry, U. S. Department of Agriculture, 
Washington, D. C. Plants from these seeds were distributed to plant experi¬ 
menters in ^orida in 1938 under P. 1. number 123380 with tW tentative 
name Astrocaryum jH)lyni<ichyufn, a name which appeared in the Biologia 
(^entrali-Americaoa in 1885 without description and which has not yet b^n 
thus supported. 

Although it is too soon to be certain that this handsome tropical wood¬ 
land palm will survive and become a part of Florida’s subtropical horti¬ 
culture the growth of these seedlings has been more rapid than with other 
species of the genus tested at the U. 8 Plant Introduction Garden, near 
Miami, and promises well for the future. 


PLANT PHYSIOLOGY .—Hydrocyanic acid content of sorghum 
varieties.^ James F. Couch, Reinhold R. Briesb, and J. H. 
Martin, Bureaus of Animal and Plant Industry, Washington, 
D. C. 

Sorghum* has long been known to be poisonous to animals under 
certain conditions. The quantity of cyanogenetic glucoside in this 
plant is one of the factors that determine its toxicity. A large number 
of sorghum varieties are grown in the United States for feeding to 
livestock, any one of which may be eaten by animals while in a con- 

> Cooperative inveatigation between the Patbologioal Division, Bureau of Animal 
Industry, and the Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. 8 Department of As^culture. Received November 18, 1938. 

■ (Sorghum vulgare, Fers ) 
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dition to produce poisoning. It is of interest to know to what extent 
the content of glucoside and, consequently the quantity of hydro¬ 
cyanic acid, that may be liberated under appropriate conditions, is 
determined by the variety grown, and whether the differences ob¬ 
served are inherent in the variety or are due to responses to fluctuat¬ 
ing environment. 

Previous studies (8) have shown that the HCN content of a sor¬ 
ghum variety depends upon the part of the plant analysed, the age of 
the tissues, and the growing conditions. Consequently, the relative 
HCN content of different varieties cannot be determined accurately 
with only a few samples grown at one point. 

It seemed desirable to analyse sufficient samples of a considerable 
number of varieties grown at several places in the United States to 
overcome, insofar as possible, some of the discrepancies due to ac¬ 
cidental or environmental factors that might affect determinations 
made from single collections and to determine the effect of certain 
environmental factors on the relative HCN content of the varieties. 
Samples were collected in two years, 1936 and 1937, and the analyses 
are summarized in this paper. 

BBVIBW OF UTBRATURB 

Other workers have reported data concerning the relative hydro¬ 
cyanic acid content of different varieties of sorghum. Brflnnich 
(2) reported 2 to 2.5 times as much HCN in *Hmphee” as in Early 
Amber sorgo. Schrdder and Damnum (10), in the Argentine, found 
sorgo slightly higher in HCN than Johnson grass and nearly twice 
as high as in broomcorn (varieties not stated). Furlong (6) determined 
the HCN content of sorghum (Guinea com) and naillct at various 
stages of growth and found the former higher than the latter in ratios 
varying between 1.5 to 1 and 2.44 to 1. Francis (5) found less HCN in 
normal mature kafir leaves than in second-growth Sudan grass or in 
Sudan grass that was 10 inches high. The plants were, however, not 
of the same age or height and therefore not comparable. 'Willaman 
and West (12) published figures indicating that feterita produced 
considerably more HCN than Orange sorgo. Later (13) they reported 
figures showing that, except for plants 33 days old. Early Amber 
sorgo yielded slightly less HCN than "Southern Cane" under Min¬ 
nesota conditions. Swanson (11) found the following quantities of 
HCN in the varieties stated: Kafir 36, sorgo 21, and Sudan grass 16 
mg per 100 g of green tissue. With special treatment Red Amber 
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yielded 59.6 and sorgo 48 mg of HCN. CoUison (3) published an ex¬ 
tensive comparison of the HCN content of different varieties. He 
analyzed plants 12 to 24 inches high of 17 varieties and two samples 
of mature hegari and feterita, all grown in Florida. The highest HCN 
content found was 3.8 mg per 100 g in mature hegari, which is ex¬ 
tremely low. Mature feterita gave 3.6 rog. Of the 12 to 24-inch 
samples, hegari yielded the highest, 3.7 mg, Blackhull kafir was second 
with 3.3, feterita third with 3.2, and Brown kaoliang fourth with 3.1. 
Amber sorgo, Japanese Cane, and Napier grass yielded no HCN. 
Orange sorghum and a milo hybrid were low with 0.75 and 0.2 mg. 
respectively. Other varieties ranged from 1.6 to 2.6 mg. Piedallu (9) 
found Early Minnesota Amber sorgo and broomcorn richer in HCN 
than “S. douro” and Johnson grass. Finnemorc and Cox (4), working 
in Australia, made a number of analyses of sorghum varieties, Sudan 
grass, and sorghum-Sudan grass hybrids, taking specimens of each 
at intervals during the growing period. Comparison of the fig^es for 
the green plants 64 days old shows the following order of HCN con¬ 
tent : Feterita 75, Gooseneck sorgo 69, White African sorgo 45, Sumac 
sorgo 35, milo 33, Cowper sorgo 25, Collier sorgo 19, Saccaline sorgo 
11, and Sudan grass 12 mg per 100 g green weight. The sorghum- 
Sudan hybrids gave 7 to 27 mg of HCN. 

PRESENT INVESTIGATIONS 

Environmental Conditions .—Sorghum samples were collected from 
six stations in the southern Great Plains in 1936 and 1937. The fol¬ 
lowing representatives of the Bureau of Plant Industry grew the 
sorghums and collected the samples for analysis: for the Division of 
Cereal Crops and Diseases: J. J. Curtis at Akron, Colo., A. F. Swan¬ 
son at Hays, Kans.; J. B. Sieglinger at Woodward, Okla.; J. C. 
Stephens at Chillicothe, Tex.; for the Division of Dry Land Agricul¬ 
ture: B. F. Barnes at Dalhart, Tex.; D. R. Burnham at Tucumcari, 
N. Mex. The sorghums were grown by the Division of Cereal Crops 
and Diseases in cooperation with the Colorado, Kansas, New Mexico, 
and Texas agricultural experiment stations and with the Division of 
Dry Land Agriculture, Bureau of Plant Industry. The seed used was 
from previous crops at the station, nearly all from self-pollinated 
(bagged) heads. Named varieties grown at different stations ap¬ 
parently were identical in type and origin, except for three varieties 
noted below, although some unconscious selection may have occurred 
in obtaining seed heads. The feterita samples were of the common 
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type (C. L* 182) at Hays, Woodward, and Tucumcari, and of the Spur 
variety at Chillicothe. The Spur variety is later and more leafy than 
common feterita. All of the hegari were identical in appearance, but 
the lot grown at Woodward (C. 1. 750) was from a later introduction 
from the Anglo-Egyptian Sudan than the lot (C. 1. 620) grown at the 
other stations. The Dwarf Yellow milo grown at Chillicothe (F. P. I.* 
18684) appears to be identical with that grown at the other stations 
(C. I. 332) but the origin may be different. Three kafirs. Western 
Blackhull, Texas Blaokhull, and Sharon arc indistinguishable in 
growth habit or appearance but they were selected from farmers’ 
fields of rather impure kafir in three different States. The wide dif¬ 
ferences in the rank for HCN content shown later for these three 
otherwise similar strains may indicate some inherent differences. 
However, they were not sampled under comparable conditions. 

Altitudes .—The altitude in feet at the stations is as follows: Akron, 
Colo., 4,560; Hays, Kans., 2,000; Woodward, Okla., 2,002; Dalhart, 
Tex., 3,978; Chillicothe, Tex., 1,406; and Tucumcari, N. Mex., 4,158. 

Soils .—The soil at Akron, Colo., is a dark-brown sandy loam under¬ 
lain with clay at depths of 2 feet or more in most places. At Hays, 
Kans., the soil is a dark-gray to black loam of the Hays series under¬ 
lain with a slightly lighter-colored clay loam and clay and is a typical 
chernozem soil. The soil at Woodward, Okla., is a sandy loam varying 
in thickness from 1 to 4 feet overlying a reddish clay subsoil and is 
classed as Amarillo sand. At Dalhart, Tex., the soil is a grayish sandy 
loam overlying a dark reddish-brown loam or clay loam of the 
Springer series and has been subjected to considerable dust blowing. 
The soil at Tucumcari, N. Mex., is a loose reddish-brown sandy loam 
of the Otero series that blows readily when unprotected by vegetation. 
The soil on Texas Substation No. 12, Chillicothe, Tex., is mostly a 
dark reddish-brown clay loam of the Vernon scries. 

Weather .—The mean monthly temperatures at the six stations for 
1936 and 1937, compared with long-time averages for the five months. 
May to September, inclusive, are shown in Table 1. The precipitation 
for the same months is presented in Table 2. Temperatures were above 
average in 1936 and 1937 at all six stations, July and August being 
especially hot during the growing season. Precipitation for the five 
months was materially below average in both years at Hays, Kans., 
Dalhart, Tex., and Woodward, Okla., and in 1937 at Akron, Colo., 

■ C. I. refen to aocesaion number of the DIviaion of Cereal Crops and Diseases, 
formeriy Office of Cereal Inveetigatione 

* F. P, I, refers to accession number of the Division of Plant Exploration and 
Introductionr formerly Office of Foreign Plant Introduction 
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Table 1.—Mean monthly tbmpebatube in "F, dubinq the obowino beabon in 

1936 AND 1037, AND THE AVEBAOE MONTHLY TEMPEBATUBE AT BIX STATIONS 





July 

AUfMt 


Atwibd 

1036 

AkroD, Colo. 

60 

70 

70 

• 74 

63 

60 

Hays, Kaiu 

Dafhart, Tex. 

66 

76 

86 

84 

71 

76 

66 

76 

79 

79 

67 

73 

Tueuman, N. Mex 

68 

77 

79 

80 

68 

74 

Woodward, Okla 

60 

80 

87 

88 

72 

79 

Chillicothe, Tex 

74 

84 

86 

88 

76 

82 

1037 

Akron, Colo. 

60 

66 

76 

77 

65 

68 

Hays, Kans. 

Dalhart, Tex. 

67 

75 

82 

84 

70 

76 

66 

73 

79 

80 

70 

74 

Tucumoari, N. Mex 

68 

74 

80 

82 

72 

75 

Woodward, Okla 

71 

77 

86 

86 

73 

79 

Chillicothe, Tex. 

76 

80 

86 

86 

77 

81 

A veraHB 

Akron, Colo. (1012-1037) 

66 

67 

74 

71 

62 

66 

Hava, Kana (1803-1037) 

Dalhart, Tex (1906-1037) 
Tucumoari, N Mex. (1011^1037) 

62 

72 

79 

78 

69 

72 

62 

72 

78 

76 

68 

71 

65 

76 

79 

77 

70 

73 

Woodward, Okla (1014-1037) 

67 

77 

82 

81 

73 

76 

Chillicothe, Tex. 

71 

80 

84 

S3 

76 

79 


and Chillicothc, Tex. The monthi} of June, July, and August were 
very dry at Chillicothe in 1936. The precipitation at Tucumoari, 
N. Mex., was slightly above average both years. 

The season of 1936 in the Great Plains was characterised by ex- 


Table 2.—Monthly and seasonal precipitation during the gbowinu beabon 
IN 1036 AND 1037 AND AYBRAQE MONTHLY PRECIPITATION 




JUM 

July 

AncuM 

Beptembw 

Totel 

1936 

Akron, Colo 

3 51 

3 04 

1 85 

2 17 

3 03 

13 60 

Hays, Kane. 

Dalhart, Tex 

5 40 

60 

60 

1.89 

1 87 

10 36 

3 67 

2 44 

1 40 

25 

1 19 

9 04 

Tuoumcari, N Mex 

1 74 

2 01 

4 40 

2 02 

1 42 

11 50 

Woodward, Okla. . 

5 21 

2 37 

23 

64 

3 63 

11.88 

Chillicothe, Tex 

2 59 

1 22 

46 

0 

13 67 

17.04 

1937 

Akron, Colo 

1 26 

2 40 

2 38 

1.13 

1 65 

8 82 

Hays, Kana 

1 73 

1 98 

4 28 

2 68 

1 71 

12 28 

Dalhart, Tex. 

5 86 

1 23 

1.68 

1.27 

1.27 

11.31 

Tuoumcari, N Mex 

5.72 

2.42 

.87 

.86 

2 00 

11.06 

Woodward, Okla 

2 37 

1 68 

51 

2.28 

8 91 

10.75 

Chillloothe, Tex 

1 50 

2 63 

1.81 

2 91 

.90 

0 84 

Average (24 or more years) 
Akron, Colo. (1908-1937) 

2 85 

2 40 

2 57 

2.19 

1.46 

11 47 

Hays, Kans. (1900-1937) 
Dalhart. Tea (1908-1937) 

3 07 

3 77 

2.71 

2 95 

2.02 

14 52 

2 82 

3.08 

2.30 

2 58 

1.43 

12 21 

Tuoumcari. N. Mex. (1005-1037) 2 21 

2 02 

2 40 

2.91 

1.38 

10.02 

Woodward, Okla. (1914-1937) 

3.47 

2.96 

1 84 

2.44 

2.75 

13.46 

Chillloothe, Tex. (1908-1937) 

3.20 

3.16 

2 30 

2 37 

2.97 

14.00 
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treme drought and high temperatures. Rains during May were ample 
for securing stands and maintaining early growth of sorghums. In 
general, the rains ceased about the first of June and sorghums having 
exhausted the available soil moisture, began showing the effect early 
in July at several stations. Showers at Akron, Colo., about July 11 
and also prior to August 8 at Hays, Kans., prior to August 3 at Dal- 
hart, Tex., and at Tucumcari, N. Mex., between August 25 and Sep¬ 
tember 1, maintained or reAdved the plants somewhat. Plants were 
suffering from a shortage of moisture at Akron, Colo., on July 25; at 
Chillicothe, Tex., on July 14; at Tucumcari, N. Mex., on August 5; 
at Dalhart, Tex., after August 12; at Hays, Kans., on August 20; and 
at Woodward, Okla., on August 5. Later in the season, in September, 
ample rains fell at Chillicothe, Woodward, and Akron, but this 
moistme came too late to produce normal crop development, particu¬ 
larly in view of the early frosts. The crop at all stations thus suffered 
severely from drought. 

In 1037, heavy rains occurred during the latter part of May at 
Dalhart and Tucumcari, but May rainfall was below average at the 
other four stations. Sufficient moisture was available for germination 
and fair early growth of the sorghums at all stations, but drought 
beginning after the middle of June at most of the stations affected 
the growth and development of the plants. Rainfall in July was below 
average at all stations except Hays and in August at all stations 
except Chillicothe. The crop was greatly retarded and stunted by 
drought at Dalhart, Tucumcari, and Hays, and growth was delayed 
at Woodward until rains came in September. 

EXPSRIMENTAl, METHODS 

Samples were collected at intervals during the growing season 
from most of the varieties studied. In some cases the number of col¬ 
lections was limited by a scarcity of material or by the condition of 
the crop but, wherever possible, samples were taken at intervals from 
the time the plants were 6 to 10 inches high until growth was stopped 
by frost. 

During 1936 whole plants were sliced into small sections, the ma¬ 
terial intimately mixed, and duplicate 100 g samples weighed into 
pint preserving jars, covered with preservative, and shipped to the 
laboratory at Washington, D. C., where they were analyzed as soon 
as possible, 0 to 12 days, after arrival. After some experimenting 
with preservatives, 15 percent alcohol was used, and all figures ob¬ 
tained by the use of other preservatives in 1936 were discarded as 
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inaccurate. It is now known that 15 percent alcohol is not an ideal 
preservative and that data obtained from samples preserved in it for 
longer than 7 to 10 days may be quite inaccurate. However, the data 
have a certain value for comparative purposes and indicate the rela¬ 
tive proportions of HCN yielded by the different varieties. 

In 1937, some important changes in collection and preservation 
were made with the result that the figures obtained from these col¬ 
lections are regarded as much more accurate than those for 1936. The 
plants were minced through a food chopper, mixed thoroughly, and 
the weighed samples preserved in mercuric chloride solution (1) in 
the proportion of 1 g of mercuric chloride to 100 g of fresh plant 
material. Experience with this preservative indicates that, in this 
strength, excellent preservation may be obtained for as long as six 
months. The samples were shipped to the laboratory and were 
analyzed four to six weeks after collection. The technique of analysis 
is described elsewhere (1). 

In 1936 no moisture determinations were made on the collected 
samples and the figures obtained refer to the HCN content of green 
plant only. In 1937 moisture determinations were made on all samples 
except at Akron where the samples were only air-dried. For that year 
figures are available for the HCN content of fresh tissue and calcula¬ 
tions are recorded on a moisture-free basis at all stations except 
Akron, where the air-dry basis was used. 

VARIETAL DIFFERENCES 

The average HCN content of all samples of the varieties collected 
in 1936 at each of the six stations is shown in Table 3. The figures are 
averages of eight collections made at Chillicothe, Tex., eight at Hays, 
Kans., four at Tucumcari, N. Mex., two each at Woodward, Okla., 
and Akron, Colo., and in part at Dalhart, Tex. Data from Akron are 
shown for two separate plantings, one on fallow land and the other 
on land in which moisture was very deficient, because Sudan grass 
had been grown the previous year. At Dalhart, samples were taken 
from two plantings made on June 4 and June 15. Five collections were 
made from the former and two from the latter planting. 

The weighted average for each variety was calculated from the 
samples taken at the same time as were samples of Sumac sorgo. 
Since some samples were lost by breakage during transit and a few 
were discarded for insufficient preservation the figures for the cor¬ 
responding Sumac sorgo samples were excluded from the averages. 
The varieties are listed in the order of comparative percentages. The 
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African Millet sorgo 

Quadroon 
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Eariy Red kafir 


^ Eariy Sumac botro at Akron, Dalhart, and Hays 
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number of samples of some varieties was limited and the reliability 
of the average HCN contents shown for these varieties is question¬ 
able. Comparable averages based upon 10 to 16 or more samples, 
however, should indicate the relative HCN content of the varieties 
with considerable dependability. The data from Woodward, Okla., 
are based on only two collections made on August 17 and 29 at a 
time when the HCN content of the plants was at a high seasonal 
level. At the other stations, with the exception of Akron, the data 
include those from collections made in September and October when 
the HCN content normally is low. 

A considerable difference in the HCN producing capacity of the 
varieties is indicated in Table 3. Varieties like feterita, Chiltex, and 
hegari tended to produce relatively large quantities, and Leoti sorgo. 
Early Red kahr. Dawn kafir, and Acme broomcorn produced one- 
quarter to one-third as much. If the lethal level of HCN in fresh 
sorghum for sheep be assumed as about 20 mg per 100 g, in accordance 
with the suggestion of Hindmarsh (7), which in the main agrees with 
some unpublished results of the Bureau of Animal Industry, then the 
average sample of 20 of the 31 varieties would be likely to produce 
poisoning if livestock gained access to the growing plants. However, 
since the figures are averages, and include data from mature plants 
that normally contain little HCN, it should be emphasized that any 
and all of the varieties listed may be highly dangerous at certain 
stages of growth, and none is to be regarded as always nontoxic. 

The quantities of HCN in the varieties do not show the same re¬ 
lations when the varieties are grown at different stations. At Chilli- 
cothe. Honey sorgo was a tenth higher than Sumac sorgo, a fourth 
lower at Tucumcari, and a third lower at Dalhart. Feterita was only 
slightly lower in HCN than Sumac sorgo at Tucumcari but was dis¬ 
tinctly higher at Chillioothe, Woodward, and Hays. HCN in Atlas 
was two-thirds to four-fifths that of Sumac sorgo except at Hays, 
where it was 13 percent higher. Darso was a little higher than Sumac 
sorgo at Woodward and Tucumcari but only half as high in the June 
4th planting at Dalhart. 

The ranking of varieties in order of HCN content in Table 3 is not 
in general agreement with opinions based upon casual reports of 
sorghum poisoning on farms. Most cases of sor^um poisoning appear 
to occur in fields of kafir and sorgo. The Black Amber variety is the 
leading sorgo in the northern half of the United States, including 
South Dakota, Nebraska, Colorado, and northern Kansas, sections 
where poisoning seems to be of frequent occurrence. Analyses of 
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Black Amber from Akron show it to be relatively low in HCN. This, 
however, may be a result of a more advanced stage due to the rela¬ 
tively early maturity of the variety. Reports of poisoning in aniinalH 
from eating hegari are rare but this may be due to the fact that very 
little hegari is grown north of Oklahoma. Milo and broomcom usually 
are headed from standing stalks which are left in the field. The fields 
of these sorghums often are pastured after harvest, and reports of 
poisoning on milo and broomoorn are extremely rare, although analy¬ 
ses indicate that both contain toxic quantities of HCN at times. It 
is probable that sufficient seed and mature leaves and stalks ore con¬ 
sumed along with the young second growth leaves so that dangerous 
quantities of the latter are avoided. 


Tabu 4.—HCN oontbnt in ua fbr 100 a or dhibd lbatsb and gbbiin plants or 

BOROBUIC VARIRTIRS COLLRCTBD AT ChILUCM>TRR, TRX , SxPT. 11, 1030 
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29 1 
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8 94 
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72 8 

201 2 

9 50 

59 1 

61 2 

204 8 

8 55 

54 8 

59 1 

236 4 

Texas BlaokhuU kafir 

9.69 

52 5 

36 2 

144.8 

Kansas Orange sorgo 

10 34 

43 2 

43 1 

172 4 

Red Amber sorgo 

8 77 

40 1 

32 7 

130 8 

Sourless sorgo 

8 72 

38 5 

35.0 

140 0 

Dwarf Yellow mllo (F.P.I. 186S4) 

6 64 

31 2 

38 3 

163.2 

Honey sorgo 

6 96 

24.9 

51 3 

205 2 

Quadroon 

8 32 

20 6 

30.0 

120 0 


‘ Caloulated on the basis of the assumed approximate average moisture content of 
76 percent in the green plants 


Table 4 shows a comparison of the HCN content of fresh green 
plants and dried leaves of the same varieties collected at Chillicothe, 
Tex., on September 11,1936. Samples were taken of whole plants and 
preserved for analysis and, at the same time, leaves of the same 
varieties were selected and dried. The varieties are listed in order of 
the HCN content of the dried leaves. Sumac sorgo was highest in 
HCN in the dried leaves and fifth in content in the green plants. Spur 
feterita was highest on the basis of the green whole plants, but was 
third in HCN content of the dried leaves. Darso, which was lowest in 
HCN in the green whole plants, was second high on the basis of the 
dried leaves. While the fresh plants of hegari and Honey sorgo had 
about the same HCN content, the dried hegari was more than twice 
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as high as Honey sorgo. Chiltex was second in the green whole plant 
and fifth with respect to the dried leaves. These data suggest not only 
that the comparative quantities of HCN differ in the dried leaves as 
compared with the whole plant but also that varieties may lose HCN 
at different rates or in varying degrees on drying. Thus, hegari and 
Chiltex lost a larger percentage than did Sumac sorgo and much less 
than did Honey sorgo. Darso lost comparatively little, while Quad¬ 
roon, which was about equal to darso in the green state, lost the 
greater part of its HCN when dried. 

The toxicity of the dried samples is of interest. Several of the 
varieties were force-fed to sheep. Feterita, hegari, and darso, fed in 
doses calculated to contain from 1.5 to 2.5 minimal lethal doses of 
HCN, produced serious symptoms of poisoning from which the 
animals recovered after treatment. Texas BlackhuU kafir produced 
symptoms of poisoning when fed forcibly in doses of 0.9 to 1.1 m.l.d. 
from which the sheep recovered without treatment. It appears that 
dried sorghums containing somewhat less than 52.5 mg of HCN per 
100 g are potentially dangerous in hay. Of the varieties listed in 
Table 4, Dwarf Yellow milo, Honey sorgo, and Quadroon might pos¬ 
sibly be considered only slightly dangerous while the other varieties 
contained sufficient HCN to produce more or less serious symptoms, 
and several of the varieties were sufificiently high in HCN to cause 
very serious effects, if not death, if eaten in the quantities usually 
consumed at a single feeding under the conditions of the above 
experiment. 

During the season of 1937 attention was concentrated on a few 
varieties. Feterita, Sumac sorgo, hegari, and Dwarf Yellow milo were 
grown at each station. Texas BlackhuU kafir was grown at Chillicothe, 
Dalhart, and Tucumcari, Western BlackhuU kafir was grown at 
Hays, Sharon kafir at Woodward, and Dawn kafir at Akron. The first 
three varieties of kafir are indistinguishable morphologicaUy and in 
time of maturity, although it is possible that they may differ in HCN 
content. The data in Table 3 suggest that these three kafirs may 
differ in HCN content. CoUections of Sudan grass were made at 
Akron, ChUlicothe, and Woodward. Hegari was sampled as a whole 
plant. With the other varieties, the whole plant was sampled until the 
flag leaf appeared. After that only the leaves were sampled, as it had 
been ascertained that the stalks contain so Uttle HCN that they are 
not important in animal poisoning. CoUections were continued at 
most of the stations until frost occurred. The data are fiurly complete 
for the different varieties from the seedling to the ripe stages of 
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growth. Comparable collections of feterita and Sharon kafir were also 
made from the plots grown by the writers at Arlington Farm, Arling¬ 
ton, Va. Some of these samples were analyzed immediately upon 
collection, as well as after preservation in mercuric chloride solution. 
The results presented in Table 5 represent the averages for each 
variety at each station, with a general average for all of the stations. 
Dawn kafir, grown only at Akron, is not included in the averages for 
the kafirs. The data are calculated to mg of UCN per 100 g of dried 


TaBLS 5—HCN CONTSNT OF SOBOHnM VABISTIB8 AT BIX HTATIONS IN 1037 
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plant, air-dried in the case of Akron. These figures also were calcu¬ 
lated to a common basis, taking Sumac sorgo again as a standard and 
calculating each station separately. 

In general, the results are similar to those obtained in 1936. Feterita 
hegari, and Sumac sorgo are high in HCN while milo and the kafirs 
are low. The principal change is the change in position of Sumac 
sorgo from third place among the varieties grown at more than one 
station in 1936 to first in 1037 both for young whole plant and for 
leaves. This relationship was maintamed at all of the stations except 
at Tucumcari, where Sumac was lower than both hegari and feterita 
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both as young whole plant and as leaves, and at Dalhart where, as 
leaves, it was below feterita. At all stations milo and the kafirs were 
relatively low except Dawn kafir, grown only at Akron, Colo., the 
average for which is not strictly comparable with the averages for 
other varieties grown at five or six stations. 

Selection for low hydrocyanic acid content in Dakota Amber sorgo 
by C. J. Franzke, of the South Dakota Agricultural Experiment 
Station, Brookings, S. Dak., has been in progress for some years. Seed 
of a strain (No. 39-30-S) having a low HCN content was obtained 
from Mr. Franzke and planted at Dalhart, Tex., in comparison with 
the unselected Dakota Amber variety. Three collections of the two 


Tabls 6 —Htdbocyanic acid content or a Dakota Ambbb bobgo bblbction 
30-30-8 IN comparison with that or unselbcted Dakota Amber, nmiRiTA, 
AND Sudan orabs grown at Dalhart, Tex in 1037 
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strains were analyzed and the results are shown in Table 6 in com¬ 
parison with feterita and Sudan grass collected the same day. The 
Sudan grass was older than the sorghum varieties and, consequently, 
not strictly comparable. 

The first collection was made on August 6,1937, when the sorghum 
plants were about 14 inches and the Sudan grass about 24 inches in 
height. The data indicate that the selected strain, which also was 
earlier in maturity, is distinctly lower in HCN than unselected 
Dakota Amber and, in some cases, may be as low as Sudan grass. 
Despite this, the HCN content of the August 6 sample of selection No. 
39-30-S (31.7 mg on a green basis) was above the supposedly toxic 
limit of 20 mg. 


ENVIRONMENTAL DIFFERENCES 

The relative standing of the various stations with reference to the 
quantities of HCN found in the plants in 1936 was determined by 
averaging the determinations shown in Table 3 of Sumac (or Early 
Sumac) and Dwarf Yellow milo (or Finney milo) at each station. The 
average HCN contents thus determined were as follows: Woodward, 
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60.0; Chillicothe, 32.7; Akron, 30.2; Hays, 26.1; Dalhart, 24.8; 
Tucumcari, 14.1. The high values at Woodward are due in part to the 
limited number of collections made only in August at a stage when the 
HCN content was high. A direct comparison of differences between 

Tabus 7.— Htdboctanio acid contbnt or wbou plants or bdoabi gbown at 
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36 

176 1 

Chillioothe, Tex. 
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35 
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16 

37 
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16 

38 

114 4 
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36 

146 8 
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stations was obtained in 1937 from collections of whole plants of 
hegari made during an eight-week period between July 20 and 
September 17. The data are shown in Table 7. On the basis of the 
average HCN content of hegari at five stations, Tucumcari and 
Dalhart are highest and Woodward and Akron lowest. The compara¬ 
tive ratings for the stations in 1937 show some striking differences 
from those for 1936 (Table 8). Tucumcari moved from sixth to first 
place, Dalhart from fifth to second. Woodward from first to sixth. 


Tabli 8 —Rblatitb rank or stations for HCN compared with precipitation 
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Chillicothe from second to third, and Akron fi^m third to fifth. While 
comparable figures for whole hegari were not available from Hays in 
1937 the general result from all varieties shows that Hays was running 
slightly above Akron, which would place this station in fourth place, 
as in 1936. 

These changes may be in part correlated with the rainfall for the 
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months of July and August, the period in which rainfall would be most 
likely to affect the averages for HCN in the sorghums. In both years 
the two highest-standing stations were relatively low in rainfall, but 
otherwise little relationship between rainfall and HCN is evident. It 
is possible that, above a critical point, available moisture may lead to 
HCN production by stimulating the growth of new tissue. In plants 
that have not begun to produce heads, HCN production in excess of 
utilization may be correlated with rapid growth of new tissues. 

In this connection the results obtained with fcterita and Sharon 
kafir grown at Arlington, Va. in 1937 are of interest. The crops were 
grown on low flat land with a high water table, and the season was un¬ 
usually wet. At no time was the ground dusty and much of the time 
the surface was moist to muddy. Under these conditions the average 
HCN content for young whole feterita plants was 204 mg per 100 g 
of dry matter as compared with the average of 182.6 for the western 
stations (Table 5), and for leaves 82.8 mg for Arlington and 165.3 mg 
for the western stations. The average HCN content of young whole 
Sharon kafir plants was 128.2 mg as compared with 88.4 mg for whole 
young plants from Woodward, and 40.1 mg for leaves, against an 
average of 86.1 mg for kafirs grown at four western stations. Samples 
of leaves of Sharon kafir were not taken at Woodward. 

It thus appears that young plants grown on the Atlantic seaboard 
under adequate moisture conditions may still produce quantities of 
HCN comparable with those grown under drought conditions on the 
Great Plains, but the HCN production appeared to fall off more 
sharply when the plants began to mature. 

No correlation between altitude and HCN content of sorghums 
grown at a station could be drawn, and the same is true of the mean 
temperatures for July and August of both years. 

SUMMARY 

Plant and leaf samples of 33 sorghum varieties grown at one or 
more of six stations in the Great Plains area in 1936 and 1937 were 
analyzed for HCN content at various stages of growth. It appears 
that any variety tested may contain sufficient HCN at times to be 
toxic to animals. Feterita, hegari, Chiltex, and Sumac sorgo tended 
to be high in HCN; milo, darso. Atlas sorgo, and Kansas Orange 
sorgo were intermediate; and Leoti sorgo and ''African Millet" sorgo 
and a selected strain of Dakota Amber sorgo were rather low in HCN. 
Varieties of kafir showed wide variation, some being high and others 
low in HCN. The comparative rank among the stations in average 
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HCN content of the samples was different in the two seasons. The 
HCN content of the sorghums showed some tendency to be high 
where summer precipitation was lowest but there was no consistent 
relation between HCN content of sorghum and differences in tem¬ 
perature. Young feterita plants grown under abundant moisture 
conditions at Arlington, Va., contained as much HCN as the average 
for the six Great Plains stations where drought was severe. 

The HCN content (calculated on a dry matter basis) of dried leaves 
of sorghum varieties ranged from about 12 percent to 75 percent of 
that of the whole green plant. 
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ZOOLOGY.— Predaceous nematodee of the genua Aphelenchoides from 
Hawaii.^ J. R. Christie, U. S. Bureau of Plant Industry. 

In a recent publication Linford and Oliveira* pointed out that 
certain species of the nematode genus ApAefeneftotdes Fischer, 1894 are 
predaceous and number among their prey other nemas including the 
root-knot nematode, Heterodera marioni (Cornu, 1879) Goodey, 1932. 
These investigators have been able to rear five species *of predaceous 
Aphehnehoidea on agar cultures where their feeding habits could be 
studied. A population of some other nematode was first established 
on these cultures to provide food for the predators. Linford and 

* Received February 3, 1039. 

* Solenoe 85: 205-207. 1037. 
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Oliveira kindly forwarded to the writer cultures of these five Aphelen- 
choidea species and the following descriptions and drawings are based 
on a study of the material thus provided. As the bionomics of these 
nematodes are being studied by the above mentioned investigators 
the present paper deals exclusively with taxonomy and morphology. 

The species described herein belong to a group for which “long 
tailed” Aphelenchoidea is perhaps an appropriate designation. The 
first of this group to be deecribed was Aphelenchoidea longicaudatua 
(Cobb, 1893) Goodey, 1933. This species is poorly characterized and 
probably unrecognizable but in one particular it seems to differ from 
all the subsequently described “long tailed” species including those 
described in the present paper: the length of the tail is at least twice 
as great as the distance from the vulva to the anus. The other species 
that have been added to this group are as follows: A. tenuicaudahia 
(de Man, 1895) Goodey, 1933, A. vnncheai (Goodey, 1927) Filipjev, 
1934, A. demani (Goodey, 1928) Goodey, 1933, A. elmiraenaia van der 
Linde, 1938, and A. oawegoenaia van der Linde, 1938. 

Linford and Oliveira tentatively identified one of their species as 
A. ienuicaudaiua. This identification apparently is correct. A second 
species is described herein as A. mneheai vox. filicatidatm, n. var. The 
remaining three species are regarded as new and for these the names 
A. linfordi, n. sp., A. oliveirae, n. sp. and A. oahuenaia, n. sp. are pro¬ 
posed. 

There is considerable resemblance between females of some of these 
predacious Aphelenchoidea and the female of Seinura tnali Fuchs, 
1931. The similarity of the stylet, the esophageal bulb and the tail is 
noticeable. Fuchs neither mentions nor figures the esophageal glands. 
On the other hand the tail of the male of S. malt differs conspicuously 
from that of all the predaceous species of which the male is known. 
Precisely what characters serve to differentiate the genus Seinura 
from the genus Aphelenchoidea is not altogether clear to the writer but 
on the basis of Fuchs’ description probably the male tail constitutes 
the most important differentiating character. If this is true none of 
the species described in the present paper belong in the genus Seinura. 

As these five species of predaceous Aphelenchoidea are quite similar 
in Btructiue a few comments on their common morphological char¬ 
acteristics seem pertinent. Beginning at or somewhat anterior to the 
anus the body of the female tapers more or less evenly and ends in a 
long, pointed, conical tail. The longitudinal, cuticular modifications 
that define the so-called lateral fields of A. parietinua and A.fragariae 
were not observed. If such cuticular modifications occur they are very 
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indistinct. The head is more or less distinctly set off and is divided 
into six, slightly elevated, lip-like sectors. These lip-like elevations 
are slightly more conspicuous on some of the species (i.e. A. tenui- 
caudaius) than on others. The stylet is divided into an anterior, coni¬ 
cal part and a posterior, cylindrical part with the anterior opening on 
the ventral side. At the junction of these two parts the stylet is en¬ 
circled by a structure somewhat resembling the so-called guiding ring 
of dorylaims. This structure is most conspicuous in A. tenuicaudatua 
but is present and more or less distinct in all the species. The esophag¬ 
eal gland mass is exceptionally large. It is composed of a large gland, 
presumably the dorsal, constituting the posterior two-thirds or more 
of the mass and a pair of smaller glands, presumably the subventrals, 
constituting a greater part of the anterior third of the mass. The 
nucleus of the largest gland was seen in all the species but the nuclei 
of the smaller glands were more difficult to observe in toio prepara¬ 
tions. Secretion from the esophageal glands fills a considerable area 
in the anterior part and a lesser area in the posterior part of the bulb 
with more or less secretion between these two areas just dorsal to the 
wall of the central lumen. The bulb is relatively large and somewhat 
elongated but varies considerably in shape, depending on the amount 
of secretion contained and the state of muscular contraction. Near 
the anterior end of the bulb the wall of the esophageal lumen is dis¬ 
tinctly interrupted by at least one, or perhaps several, minute open¬ 
ings. Although undoubtedly present, phasmids were not observed, as 
a special technic necessary to make them visible was not employed. 

The outlines of the drawings and all measurements were made on 
specimens killed in a 5 per cent solution of commercial formalin 
(about 2 per cent formaldehyde) heated to 70®C. Living specimens 
were used to determine many of the morphological details. 

Aphelencholdes winches! (Goodey) Filipjcv var. fllicaodatus, n. var. 

Synonymy —Aphelenehua vrinehen Goodey, Jour. Helminth. 5(4):2-7, figs. 
1-5. 1927, Aphelenchoidea wincheai (Goodey). Filipjev, Harmful and me- 
ful nemaiodea in rural economy. Moskva, Leningrad, p. 236, fig. 203, G-H. 
1934. 

Measuremenla ,— 9 : Length 800 to 880m; width 23 to 26m; length of esoph¬ 
agus, 80 to 86m; length of tail, 138 to 187m; a, 31 to 36; fi, 9.7 to 10 6; y, 
4.5 to 6; V, 61 to 66%. 

DeaeripUon .—Male unknown. Female (Fig. 1,B) with cuticular striae fine, 
moderately obscure. Head region relatively short, only faintly set off. Stylet 
18 to 19Mt without basal knobs. Excretory pore from opposite middle to 
opposite posterior margin of esophageal bulb. Tail ta^ra more or less 
evenly and ends in a long filiform process. Anus very inconspicuous. In¬ 
testinal lumen between vulva and anus often wide and filled with fecal ma- 
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terial. Vulva relatively inconspicuous; postvulvar uterine ^ very short; 
ovary outstrctchedi frequently extending nearly to nerve ring. Eggs 69 to 
65/i by 10 to 21 / 1 , 

ffoWfaf.—Soil, 

Locality, —Island of Oahu, Territory of Hawaii, U.8.A, 

Comparisona and affintitea. —This variety, based on females only, differs 
from the type species in having (a) a longer tail (120 to 130m in t^e, 138 
to 187/1 in present variety), (b) a shorter stylet (24 to 27/i in type, 18 to 
10/1 in present variety) and a somewhat more anteriorly situated excretory 
pore (“a short distance behind level of bulb'’ in type, from about opposite 
middle to about opposite posterior margin of bulb in present variety). In 
addition the vulva seems to be situated somewhat more anteriorly (at 70 
to 75% in type, at 61 to 66% in present variety). As Linford and Oliveira 
had cultures of this variety under observation for a considerable period and 
neither they nor the present writer observed males, one may conclude that 
at least mtJes are very rare This constitutes another difference between the 
type species and the present variety 

Aphelenchoides tenuicaudatus (de Man) Goodey 

Synonymy,—Aphelenchua ienuicaudoiiLa do Man. Trans. Liverpool Biol. 
Soc. 10: 77-81, pi. 3, figs. 1, la, lb, & Id, pi. 2, fig. 1c. 1895. Aphekn- 
ehotdea tenuicauaaiua (de Man). Goodey, Plant paraatltc ncmatodea and the 
diaeaaea they cause, London, p. 250, fig. Ill 1933. 

Meaaurementa, —<f*: I-ength, 050 to 720/i; width, 17 to 21/*; length of 
esophagus, 76 to 87/*; length of fail, 45 to 66/i; a, 34 to 40; j9, 7 8 to 8.7; 
7 ,12,6 to 15.5. 9 : Length, 030/i to 1 inm; width, 25 to 30/*, length of esopha¬ 
gus, 84 to 03/*; length of tail, 92 to 104/*; a, 31 to 39, /9,10 to 11 2, y, 9 to 10; 
V, 70 to 74%. 

Deaenpiton ,—Cuticular striae fine, moderately obscure. Head region (Fig. 
2,A) set off about as in A panettniAs, lip-like elevations relatively conspicu¬ 
ous. Stylet 14 to 16/* long in males, 16 to 19/* long in females; without 
basal knobs Excretory pore oppmite posterior end of esophageal bulb. Tail 
of female long and slender, tapering more or less evenly. Postvulvar uterine 
sac usually extending about one-half distance from vulva to anus but some¬ 
what variable in size and shape. Ovary outstretched and extending past 
posterior end of esophageal glands, sometimes nearly to nerve nng. Tail of 
male (Fig. 2,B) somewhat similar in shape to that of female but tapering 
less abruptly in anterior two-thirds, then narrowing abruptly with posterior 
third in the form of a more or less slender terminal spike. Four pairs of 
papillae present; one pair about 8 to 10/* in front of anus and nearly ventral, 
one pair opposite or slightly posterior to anus, and 2 pairs, 4 or 5/* apart, 
near middle of tail. Spicule 18 to 20/* long with shape as shown in Figure 2,B. 

Habitat —Soil. 

Locality ,—Islands of Oahu and Maui, Territory of Hawaii, U.S.A. 

Compartaons and affintitea, —The writer's material agreed fairly closely 
with both de Man's and Goodey's descriptions. The most conspicuous dif¬ 
ference was the length of the stylet which, in females, measured only 16 
to 19/i as against 24 to 27/* in de Man’s material. 

A, elmtraeneia resembles A, tenuicaudalua more closely than it resembles 
any other described species. It differs in the length of the tail in both sexes 
and in the length of the stylet. The stylet is only 10m long and 7 , in the 
fem^e, is about 4.5, while m the male tail of A, elmiraeneia the terminal 
portion posterior to the papillae is considerably longer than in A, tenuieau- 
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Fig. 1. A —Aphdenchoitlea oltvnrae, nap, female B .—A winehest var filteau- 

datut, n. var, female C —A. oltvetrae, map., tail of male. 


datiu. In fact the tail of the female of A. elmiraensia approaches in length 
that of A. longtcaudatua being about 1} times as great as the distance from 
vulva to anus. Van der Linde was probably justified in regarding A. elmira- 
enaie as a distinct species but as other populations become known its dif* 
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fercntiation may become increaaind^ difficult. That, of course, is equally 
true of some of the species described in the present paper. 

Aphelencholdea linfordl, n. sp. 

Measunmenitt .— 6 : Length, 500 to 600m; width, 20 to 23m; length of 
esophagus, 61 to 66m; length of tail, 52 to 6 ^; a, 24 to 27; p, 8 to 9.3; 7 , 
8.3 to 10.9; V, 71 to 75%. 

Description. —Male unknown. Female (Fig. 3,B) with conspicuous, trans¬ 
verse cuticular striae forming distinct annulcs as much as 2m wide near 
middle of body. Head region moderately well set off. Stylet 16 to 17m long, 
withou t basal knobs. Excretory pore posterior to base of esophagus a distance 
equal to, or slightly less than, the corresponding body diameter. Tail tapers 
more or less evenly and ends in a moderately slender terminal portion, 
cuticular striae conspicuous for entire length. Postvulvar uterine sac short 
but usually rather wide. Ovary outstretched and extending to or slightly 
passing posterior end of esoph^eal glands Eggs 62 to 68m by 21 to 22m. 

Habitat. —Soil 

Locality. —Island of Oahu, Territory of Hawaii, U. 8 .A. 

Compansona and affinities. —That Aphelendiot^s linfordt belongs to this 
group of "long tailed" Aphelenchoides is evidenced by its predacious habit 
and by its large and conspicuous esophageal glands It differs from all other 
spwies of the ^up in having moderately coarse and conspicuous transverse 
striae. In addition females are somewhat shorter than those of any other 
related species and the width is relatively greater (a, 24 to 27) than in fe¬ 
males of any other species except A. oliveirae (a, 25 to 32). 

Aphelenchoides oliveirae, n. sp. 

Measurements.— cf; licngth, 384 to 484m; width, 13 to 17m; length of 
esophagus, 57 to 64m; length of tail, 54 to 61m; 28 to 32; P, 6.7 to 7.9; 7 , 

7 to 8 . 6 . 9 : liCngth, 600 to 720m; width, 20 to 27m; length of esophagus, 
60 to 67m; length of tail, 82 to 94m; a, 25 to 32; 9 2 to 11; 7 , 6.7 to 8.5; 

V, 69 to 73%. 

Description. —Cuticular striae fine, moderately inconspicuous. Head 
region (Fig. 1 , A) comparatively short, only faintly set off. Stylet 14 to 15m 
long in meJes, 15 to 16m long in females, with small but distinct basal knobs. 
Excretory pore posterior to base of esophagus a distance equal to, or slightly 
less than, the corresponding body diameter. Tail of female tapers more or 
less evenly and ends in a slender terminal portion Intestinal lumen be¬ 
tween vulva and anus frequently wide and filled with fecal material. Anus 
very minute, indistinguishable in many specimens. Ovary outstretched, 
frequently extending nearly to nerve ring; posterior part wide showing 
several odeytes in a given cross section. Postvulvar uterine sac virtually 
absent. Eggs 70 to 83m by 18 to 19m (based on e^ in relatively advanced 
stages of development). Tail of mde (Fig. 1 ,C) similar in shape to that of 
female. Two pairs of papillae present, one pair about 8m in front of anus and 
one pair about 18m posterior to anus; a pair of adanal papillae probably 
present. Spicule about 14m long and shaped as shown in Figure 1,C. 

Habitat ,—Soil. 

Locality. —Island of Maui, Territory of Hawaii, U. 8 .A. 

Comparisons and affinities. —This sp^ies differs from A. demani in having 
a shorter tail in both sexes. In his original description of A. demani Goodey 



remale. 
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writes of the vagina as having stout walls while in the present speries the 
vagina is relatively small and inconspicuous. The exceptionally wide ovary 
showing, toward its iKmtorior end, sevoral odcytcs in a cross section, may 
prove to be another, and a more important, difference. The posterior half 
of the male tail does not seem to be quite so clearly differentiated as in that 
of A . demanx but the arrangement of the papillae in the two species seems to 
be identical 


Aphelenchoides oahuSnsis, n sp. 

MeasuremeTUH .— 9 : Length, 700 to 860ju; width, 20 to 22^; length of 
esophagus, 67 to 76>i; length of tail, 55 to OO/i; a, 35 to 40; /), 9.6 to 11.9; 
7 , 13 to 15, V, 69 to 75%. 

Desenpiton ,—Male unknown. Female (Fig. 3,B) with cuticular striae fine, 
moderately obscure. Head set off about as in .4. parietinus. Stylet 14 to 15 m 
long with small but distinct basal knobs Excretory pore inconspicuous, 
situated posterior to base of esophagus a distance about equal to corre¬ 
sponding body diameter. Tail tapers more or less evenly and en^ in a slender 
terminal portion usually somewhat constricted near middle region. Post- 
vulvar uterine sac usually extending about one-third distance from vulva to 
anus Ovary outstretched, frequently extending nearly to nerve ring. Anus 
small and inconspicuous 

Habitat. —Soil. 

Locality - -Island of Oahu, Territory of Hawaii, U.S.A 

Comparisons and affinities .—This species very closely resembles both A, 
demant and A. ohvetrae. The female differs from that of A. demani in pos¬ 
sessing a short postvulvar uteniie sac and a shorter tail that is slightly con¬ 
stricted. It differs from A ahveirae in having a postvulvar uterine sac, a 
narrower ovary, a longer and thinner walled uterus and a slightly con¬ 
stricted tail Although probably not a point of taxonomic significance it 
may be noted that males were not present on the cultures of this species 
whereby it differs from the two other closely related species. The writer 
gave careful consideration to the advisability of regarding both the present 
species and A oltveirae as varieties of A demani, He^ finally decided that 
A oliveirae and A oahuen^is should be regarded as distinct species, the deci¬ 
sion being influenced largely by differences in the female reproductive or¬ 
gans. If t^ is true, both forms obviously cannot be varieties of A, demani 
and the question arose as to which, if either, should be so regarded. In view 
of his inability to satisfactorily answer this question the writer decided, 
somewhat reluctantly, to regard each as a distinct species 

Apparently Aphelemhoides is a genus in which a great many of the popu¬ 
lations that come to ones attention differ in some minor particular from those 
previously studied. This is certainly true for what now passes as A 
nus and likewise it appears to be true for this group of “long-tailedj” pre¬ 
daceous forms. What the confines of the species should be is a question for 
which only time and experience will provide an answer. It appears, however, 
that in many cases specific diagnoses must be sufficiently elastic to permit 
considerable variation or we will soon find ourselves with a vast number 
of species differentiated by minor and exceedingly variable characters. 

As males are known for only part of the species the following key is based 
on the females. Information regarding the male tail is supplementary and 
is included for convenience in the hope that it may, at times, prove useful. 
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Fig 3 A.— Aphd&ntkoidu ooAvInm, n tp. female. 
B.—A. Ufijoirdx^ n. ip., female 
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The separation of A, longtcattdaius obviously is unsatisfactory as the rela¬ 
tive length of the female tail is subject to considerable variation. Cobb’s 
description does not give precise information regarding the anatomical 
features upon which the key is pnmarily based and the long tail of the female 
seems to be the only character that can serve to differentiate this species. 

KEY TO SPECIES OF "LONO-TAILED” APHELBNCHOIDES 
DISCUSSED IN THIS PAPER 

1. Length of tail in female at least twice as great as distance from vulva to 

anus, . longtcaudaiUB 

Length of tail in female not over one and one-half times as great as dis¬ 
tance from vulva to anus .. 2 

2. Stylet with small but distinct basal swellings or knobs 3 

Stylet without basal swellings or knobs 5 

3. Postvulvar uterine sac well developed often extending nearly one-third 

distance from vulva to anus; male unknown oahuinata 

Postvulvar uterine sac, if present, very short; both sexes usually en¬ 
countered; male tail with one pair prcanal, one pair indistinct adanal 
and one pair postanal papillae ..4 

4. Vagina with stout walls and presumably moderately large and con¬ 

spicuous; excretory pore a short distance behind bulb but in front 
of nerve ring; 7, in female, usually 5.3 to 6.5; posterior half of male 

tale set off demant 

Vagina small and inconspicuous; excretory pore opposite or slightly be¬ 
hind nerve nng; 7, in female, 6.7 to 8.5; posterior half of male tail 
only faintly set off , ol%V€trae 

5. Body of female with conspicuous and moderately coarse transverse striae 

forming distinct annules; male unknown Ainfordi 

Body of female \\ath inconspicuous transverse striae. . 6 

6. Postvulvar uterine sac absent or very short; male tail with one pair of 

indistinct ^anal and one pair of postanal papillae mneheat 

Postvulvar uterine sac well developed usually extending at least half 
way from vulva to anus 7 

7. Stylet ^ort, about lOp long; vulva relatively far anteriad, at about 62%; 

tail exceptionally long and slender, y, in female, about 4.5; male 
tail with one pair of preanol, one pair of adanal and two pairs of 
postanal papillae. elmiraenaia 

Stylet lift long or longer; vulva at 66% or more; 7i female, 7 or more 

-.8 

8. Lips faintly developed; tail of female relatively short, 7, about 12; male 

unknown . oawegoenaia 

Lips well developed; tail of female slender and attenuated, 7,7.7 to 11; 
male with one pair preanal, one pair indistinct adanal and two 
pairs of postanal papillae. tmuicaitdatna 
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MALACOLOGY .—A new Nenia from Haiti and some notes on this 
genus } Habald A. Rehdeb, U. S. National Museum. (Com¬ 
municated by Paul Bartbch.) 

Since 1786, when Nenia tridens Schweigger was first figured and 
described, albeit rather inadequately, no other member of this genus 
has turned up from the West Indian region. The discovery, therefore, 
of a species of Nenia from the southern peninsula of Haiti is a matter 
of considerable interest. The characters of this form arc such that it 
can not be placed in any of the groups hitherto erected within the 
subfamily Neniinae, and I am therefore forming a new subgenus of 
Nenia for its reception, which I shall call: 

ITenlsca, n. subgen. 

Shell of medium sise, entire, fusiform, with fine, crowded, axial wrinkles 
which are irre^Iar ana anastomosing. Aperture large, dark inside, with a 
broadly expanded peristome. Superior lamella not continuous with the spiral 
lamella but widely discontinuous, the spiral lamella revolving periphery of 
the superior lamella, its anterior end curving strongly towards the superior 
lamella, which continues for some distance beyond it. Lunella absent. 

Type.—Nenia {Nentsca) bartschi, new species 

In the relation of the spiral and superior lamellae, this group approaches 
Steeiiana Jouseeaumc, from which it differs greatly in cxtcmal appearance. 
Its anastomosing sculpture is quite distinct. 

Nenia (Neniaca) bartschi, n. sp Figs. 1-6 

Shell of medium sise, rather solid, fusiform, with an entire and attenuate 
apex. Nuclear whorls 2, light red-brown in color, the first If whorls smooth, 
the last f with rude axial nblets. The 6 postnuelear whorls are chestnut- 
brown in color, becoming deep purplish brown behind the aperture, and 
are marked by irregular, axial yellowish-ivory-white flammulate patches, 
which coalesce towards the top of each whorl; a row of small spots of chest¬ 
nut brown, the ground color, is present just below the suture. The sculpture 
consists of fine, crowded, irregular, axial riblets, which anastomose and 
divaricate. The last whorl is the broadest, the penultiinate whorl only 
slightly less in diameter; the whorls moderately convex, with an impressed 
suture. The aperture is rather large, ovate, dark chestnut-brown within, 
surrounded by a broad, expanded white peristome. 

Superior lamella strong, convex on the left side, the lower end of the spiral 
lameua peripherad of and curving towu^ the former, the lamellae overlap¬ 
ping for about 1.5 mm. The inferior lamella stout, the free edge thickened, 
continuing as a low lamella on the axis for about one whorl. The principal 
palatal fold bepns about 1.5 mm in from the peristome on the left side, and 
runs parallel with the suture for about 6 mm on the dorsal side. A lunella is 
absent. The subcolumellar lamella is typical, ascending, about 3.5 mm long. 
The clausilium has a rather long pedicle, and an elongate spatula, the distal 
end of which is bluntly pointed. 

> Published by permission of the Secretary of the Smithsonian Institution Re- 
oeived February 28, 1989. 
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Fi£B. 1*S. — Nenia ^eniMca) bariichi, n. sp. CiauBllium. 2-3, She!] X2. 4, Detail 
of acumture X15. 5, MtaiL ahowing lamellae: a, spiral lamella; 6, superior lamella; & in¬ 
ferior lam^ Pig. 6 — ATania (Paranenia) perarata v. Martens. Shell X3. Fig. 7.— ATenia 
(Afsffiia) fruiens Schweigger. Shell X3. 
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The type, U.B.N.M. Cat. No. 380074, was collected by William J. Eyer- 
dam at 1^000 meters altitude on the top of Mt. Rochelle (or Rocheloia), 
south of Rochelois, Dept, du Sud, Haiti. It has 8 whorls and measures: 
Length 22.6 mm; diameter 5 mm; height of aperture 6.3 mm, width of 
aperture 4.6 mm. 

Four other specimens, U.B.N.M. Cat. No. 400244, come from the same 
lot. 

Two bleached specimens and a few fragments, U.B.N.M Cat. No 403023, 
of what appears to be this species were collected by Charles R. Orcutt on 
the estate of the Haitian American Sugar Company, just north of Port-au- 
Prince, where they were probably washed down from the mountains south¬ 
east of the city. 

I dedicate this interesting species to Dr. Paul Bartsch, who through his 
cruises throughout the West Indies, and consequent systematic studies, has 
done much to elucidate the terrestrial malacological fauna of the Antillean 
region. 

The only other West Indian Nenxa is, as is well known, the Puerto Rican 
Nenxa iridenB Schweigger, the sole representative of the typical submenus 
Nenia. This group is distinguished by its lack of a lunella, by the thickened 
peristome and by the peculiar sculpture and apical character; the embryonic 
shell, generally lost, is slender and set at an angle on the succeeding whorl, 
(fig- 7). 


Paranenia, n. subgen. 

Shell rather stout, with an entire blunt, rounded apex. Sculpture consist¬ 
ing of strong, oblique, broad, rounded, moderately distant ribs, crossed 
obliquely by fine growth lines. A lunella is present. 

Type,—Nenia peraroia von Martens. 

tfenia peraraia von Martens (fig. 6) from Colombia has been placed in 
Nenia on account of its rather similar sculpture, but it does not have the 
narrower, decollate apex of Nenia indene Schweigger, and it possesses a 
lunella. These important differences, as well as its quite distinct geographic 
range, merit its being placed in a separate subgenus 


MALACOLOGY.—A new intermediate host of the Asiatic blood fluke^ 
Schistosoma japonicum Katmrata,^ Paul Bartsch, U. S. 
National Museum. 

Dr. Y. T. Yao has sent to the United States National Museum a 
large series of Oncomelania for determination, which he collected at 
Wang Ling Hsiang, Pingyang Hsien, in the central part of Kwangsi 
Province, China, which he found served as intermediate hosts of the 
Asiatic Blood Fluke in that region. These proved to be an unde- 
Bcribed species of Oncomelania^ which I take pleasure in naming for 
its discoverer. 

^ Published by pormuMion of the Seoretary of the Smithsonian Institution. Re¬ 
ceived December Q, 1038. 
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This find extends the range of the genus Oneomdania considerably 
farther south than heretofore known. 



Flga. 1-2 .—Oneomtlama yaot, n Bp. 1, shell, XIO. 2. rsdula. 

Oncomelania yaol n. sp. 

Shell olongate-conic; early whorls pinkish, the rest wax yellow, translu¬ 
cent, shining, with the edge of the peristome tinged with a dusky suffusion. 
Nuclear whorls 2, well rounded smooth, excepting microscopic granulations. 
Postnuclear whorls shghtly rounded, almost flattened; the first smooth, the 
second showing in its distal part the beginning of axial ribs, which on the 
succeeding turns become very strongly developed. These ribs are rather dis¬ 
tantly spaced, i.e., they are about one-half as wide at their base as the spaces 
that separate them. Of these ribs 15 are present on all the turns but the last, 
which has 12. On the last whorl there is a very heavy varix a little distance 
behind the peristome. The axial ribs and intercostal spaces are marked bv 
fine wavy hairlike incremental lines. Suture well impressed. Periphery well 
rounded. Base short, well rounded, marked by the continuation of the sculp¬ 
ture of the spirr, but here the axi^ ribs become enfeebled and evanesce as 
they pass into the narrow umbilicus. Aperture ovate, somewhat oblique 
and effuse, and expanded at the junction of the basal and columellar an^e, 
appreased to the precediu turn at the parietal wall. O^rculum thin, 
corneous paucispiral, having 2.2 whorls and an excentric nucleus. Tbe 
1 - 1-1 

radulahas the formula:-, 2:1:3, 8, 6. 


2-2 
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The type, U.S.N.M. no. 469149, has 9.2 whorls and measures: Length, 8.8 
mm; greater diameter, 3.8 mm; leaser diameter, 3.3 mm The rest bear the 
numter 469150. 

Its almost flattened whorls, brilliant translucent wax color with pinkish 
carlv whorls, heav^ distantly spaced, axial, rilM and peculiar radula formula 
easily distinguish it from all the known species of Oncomelama, 


MAMMALOGY .—Two new pocket gophers of the genus Heterogeo- 
mys from Mexico} E. A. Goldman, Bureau of Biological 
Survey. 

In connection with a group alignment of the forms of the genus 
Heterogeomys by E. W. Nelson and the writer four new subspecies 
were described (Proc. Biol. Soc. Washington, vol. 42, pp, 147-152, 
March 30, 1929). A more critical examination and further considera¬ 
tion of material available have resulted in the segregation of two 
additional forms, as follows: 

Heterogeomys hispldus tehuantepecos, subsp. nov. 

Tehuantepec Pocket Gopher 

Type ,—From mountiunfl 12 miles northwest of Santo Domingo and about 
60 miles north of Tehuantepec City, Oaxaca, Mexico (altitude 1,600 feet). 
No. 73434, cT adult, skin and skull, U S National Museum (Biologicd 
Survey collection); collected by Nelson and Goldman, June 18, 1895. Origi¬ 
nal number 8092. 

DtsinbiUion,^ Known only from the type locality in the mountains near 
the top of the continental divide on the southern side of the Isthmus of 
Tehuantepec. 

General characters ,—Most closely resembling Heterogeomys htsptdus his- 
mdua from near Jalapa, Vera Cruz; sise similar, but color lighter, near “mars 
brown" instead of “seal brown" (Ridgway, 1912); differing also in cranial 
details, including more highly arched rostrum. Similar in general to Hetero¬ 
geomys htspidiLs isthmicus of Gulf coast plain on northern side of Isthmus of 
Tehuantepec, but color somewhat darker, near "mars brown" instead of 
"chestnut brown"; skull differing most notably in less deeply sinuous lamb- 
doid crest. Similar in general size to Heterogeomys htsptduschiapensts of high 
mountains of central Chiapas, but color light, near "mars brown" instead 
of “seal brown"; pelage coarser and thinner; skull heavier and quite differ¬ 
ent in detail. 

Color,—Type (acquiring fresh pelage): Head and anterior upper parts 
"mars brown” in fresh pelage, becoming "chestnut brown" in worn police 
on posterior part of back,flanks, and limbs: under parte thinly haired, "cin¬ 
namon brown"; feet scantily covered with brownish haire; tail nearly naked 
near base, becoming entirely bare near tip, the dried skin dark brown. 

SkuU ,—Most closely resembling that of htspidxts, but nasals more lughly 
arched, less flattened posteriorly; frontal region less depressed anteriorly; 
jugal narrower, more evenly rounded anteriorly at union with maxilla; 
auditory bullae less inflated, not usually projecting below plane of lower 

1 Received January 27, 1030. 
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surface of banioccipital (usually projecting below this plane in hiapidui)] 
molariform toothrows shorter. Very similar in general form to that of 
isthmteua^ but lambdoid crest much less deeply sinuous, a alight concavity 
representing the abrupt crescentic median deflection forward present in 
iathmtcua as viewed from above; nasals less flattened, rising more promi¬ 
nently above level of premaxillae; maxillary arm of lygoma lighter, en¬ 
croaching less deeply on premaxillae which arc correspondingly broader 
posteriorly; dentition about the same. Compared with that of chiapensts 
the skull is similar in general sisc, but heavier in structure; rostrum broader; 
mtororbital region narrower, the frontal surface leas even, more concave 
near median line and rising higher anteriorly; maxillary arm of zygoma 
encroaching farther on premaxillac which are correspondingly reduced in 
width posteriorly; auditory bullae larger; palatoptcrygoids broader; denti¬ 
tion heavier. 

Meamremenls —Type- Total length, 332 mm; tail, 102; hind foot, 48. Two 
adult female topot 3 rpcs, respectively: 348, 306, 64, 81; 61, 41. SkuUitype 
Irf'] and an adult female topotype, respectively): Oecipitonasal length, 61.7, 
61.4; zygomatic breadth, 36.2, 40.8; breadth across squamosals (over mas- 
toids), 38 2, 39.6; interorbital constriction, 10.7,10.8; length of nasals, 23.9, 
24 2, maxillary toothrow (alveoli), 13, 13.3; width of upper inebors (cutting 
edge), 8.5, 8.7. 

Remarks ,—The resemblance of tehwniepecus to typical htsptdus suggests 
that there may be some connection between the two through the mountains 
of the interior, but intergradation is also probable with the near geographic 
neighbor isthmicus of the Gulf coastal plains. In the genus Heterogeomya, as 
in other pocket gophers, the males are usually larger than the females, but 
in the present form an adult female slightly exceeds the type, a male of about 
the same age. 

Specimens examined, —Eight, all from the type locality. 

Heterogeomya hispidua teapensia, subsp. nov. 

Tabasco Pocket Gopher 

Type .—From Teapa, Tabasco, Mexico. No. 100036, 9 adult, skin and 
skull, U. S. National Museum (Biological Survey collection); collected by 
Nelson and Goldman, March 23, 1900. Original number 14056. 

DtsirtbtUion —Lowlands and lower mountain slopes in southern Tabasco. 

General characters .—A large subspecies, similar to Heterogeomya htsptdus 
cAtapsnsts of high mountains of central Chiapas, but color light, near “mars 
brown" instead of “seal brown"; pelage coarser and thinner; skull more 
elongated. Similar to Heierogeomys htsptdus isihmicus of coastal plain in 
Vera Cruz on north side of Isthmus of Tehuantepec, but color somewhat 
darker, the upper parts near “mars brown" instead of “chestnut brown"; 
skull longer, with lambdoid crest less deeply sinuous. Somewhat like Hetero- 
geomys htsptdus yveatenensis of the Yucatan peninsula, but larger and 
slightly darker; skull with more elongated rostrum. 

Cotor .—Type (acquiring fresh pelage): Upper parts in general near “mars 
brown"; under parts and limbs nearly naked, the scattered hairs light 
brownish; tail bare, the dried skin brownish. 

SkuU .—Similar to that of chtapsnsts but longer^ with narrower zygomata; 
rostrum and nasals longer; dentition heavier, the incisors decidedly broader. 
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leering from that of yucaUnensvs in decidedly larger size, greater elonga¬ 
tion of rostrum, and much heavier dentition. Compared with that of tsikmi^ 
cus the skull is longer, the lengthening mainly in rostrum; zygomata actuidly 
as well as relatively narrower; nasals longer; lambdoid crest less deeply 
sinuous; dentition similar. 

MecuiuremerUa. —Type: Total length, 338 mm; tail, 01; hind foot, 48 5. An 
adult female topotype: 334, 00; 46. Skull (type [9] and an adult female 
topot}rpe, respectively): Oceipitonasasl length, 61.3, 50; zygomatic breadth, 
36, 37; breadth across squamosals (over mastoids), 36.3, 36; interorbital 
constriction, 10.3, 10.8; length of nasals, 24.8, 24; maxillary toothrow (al¬ 
veoli), 15,13 4; width of upper incisors (cutting edge), 8.5, 8 3 

Remarks, —Specimens from low elevations in Tabasco were referred by 
Nelson and the writer (Proc. Biol Soc Washington, vol 42, p. 152, March 
30, 1029) to chxapensis of the high mountains of central Chiapas, although 
some differences were pointed out More critical examination seems to war¬ 
rant their segregation as a geographic race 

Sv^mmens exammed,—Total number, five, all from Tabasco, as follows: 
Montecristo, 2; Teapa (type locality), 3. 


ORNITHOLOGY .—Two new races of birds from the Indo-Chinese 
sub-region.^ H. G. Deignan, U. S. National Museum. (Com¬ 
municated by H. Friedmann.) 

A recent visit by the writer to the American Museum of Natural 
History and the Academy of Natural Sciences of Philadelphia has 
shown that two more Siamese birds must be granted subspecific 
recognition. For the loan of their material, thanks are hereby ex¬ 
pressed to the authorities of the institutions named. 

Cyanops incognita euroa, subsp. nov. 

Type, —Adult male, U. S National Museum no 337073; collected at 
KhM Sa-bap, Chantabun province, S E. Siam, 28 April, 1937, by H. G 
Deignan. 

Subspecific characters — Adults of the new form are readily distinguishable 
from adults of typical tncogntia (Tonaaserim) by the greater size of the red 
patch on the hind-crown (covering at least twice os large an area as in incog- 
nUa), and by the paler turquoise-blue of the throat. Seventeen adults of 
euroa have been compared with four adults of incognita. 

Range, —South-eastern Siam, Cambodia, Laos, and Tongking. 

Napothera crispifrons calcicola, subsp nov. 

Type, —Adult male, U. 8. National Museum no. 332024; collected at 
Hin Lap, East Siam, 8 December, 1931, by Dr. Hugh M. Smith. 

Subspecific charaders, —From ff, cr, annamensiSf distinguished at once 
by complete absence of slaty color, above and below. From tjrpical erwpi- 
frons, it may be known by its having the broad shaft-streaks of the throat 

' Published by Permission of the Secretary of the Smithsonian Institution. Re¬ 
ceived February 9, 1939. 
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black instead of dark brown, affording a stronger contrast with the white 
portion of the feathers; by having a distinct rufous area on each side of the 
neck between the white throat and the rufous-washed ear-coverts; by having 
the dark edgings of the feathers of crown and mantle obsolete, giving the 
upperparts a more uniform aspect and causing the gray shafts to stwd out 
more boldly. Three specimens of calctcola have been compared with four 
specimens of annamensia and seven specimens of criaptjrona. 

Range .—Eastern Siam. 

PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

THE ACADEMY 

41 ST ANNUAL MEETING 

The 41st Annual Meeting of the Washington Academy of Sciences was 
held in the Assembly Hall of the Cosmos Club, January 19, 1939, with 55 
members present President Paul Howe called the meeting to order at 
0.20 p.M. 

The minutes of the 40th Annual Meeting were presented as published in 
the Journal and were approved as published. 

The Corresponding Secretary, Nathan R Smith, submitted the following 
report on the membership and activities of the AcMcmy: 

Membership: during 1938, 41 were elected to resident and 1 to non¬ 
resident active membership. Of these, 40 have qualified for resident mem¬ 
bership. The non-resident member was recently elected and has not replied 
to date. Five wore elected in recognition of their work in Chemistry, and 
also five in Botany, four each in Engineenng, Protozoology, and Biology; 
three each in Physics, Medicine, Forestry, and Mycology; two in Anthro¬ 
pology, and one each in Geology, Bacteriology, Genetics, and Soil Science. 
There were two resignations (1 resident and 1 non-resident) and ten deaths 
(7 resident and 3 non-resident). Seven were transferred from resident to 
non-resident and one from non-resident to resident membership. Six resi¬ 
dent and one non-resident member retired from professional work during 
the year and were retained as active members without the payment of dues. 

On Janua^ 1,1939, the membership, therefore, consisted of 11 Honorary 
Members, 3 Patrons, and 554 Active Members, of which 2 are Life Members. 
Of the 554 active members, 33 do not pay dues because of retirement from 
professional work (27 resident and 6 non-resident). There are, therefore, 
521 active members who should pay dues, 391 resident and 130 non¬ 
resident. Since the number of resident active members is limited to 400 and 
the non-resident to 200, there were 9 vacancies in the resident and 70 
vacancies in the non-resident active membership. The status of the resident 
active membership as regards number is very satisfactory owing to the 
efficiency of the Membership Committee. The non-resident class is still 
very unsatisfactory, although slightly better than last year. 

The deaths of the following members are reported at this time: 

George Bird Orinnell, non-resident, April 11, 1938. 

Maurice C. Hall, resident. May 1,1938. 

Frederick 1, Allen, non-resident. May 17,1938. 

Truman Michelson, resident, July 26,1938. 

Earl B. McKinley, resident, July 29, 1938, 
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Gut N, Collinb, resident, August 14, 1938. 

Victor K. Chesnut, resident, August 29, 1938. 

Willis R. Gbeoo, resident, September 14, 1938. 

Giubbppi Stbpanini, honorary, September 16, 1938. 

Charles E. Mokroe, honorary, December 7, 1938. 

The Board of Managers held seven meetings during the year with an 
average attendance of 17. Two special committees were appointed, one on 
the format of the Journal and the other on the Financial Status of the 
Journal. The report of each committee has been accepted by the Board. 
Dr. A. L. Day was appointed a delegate to the dedication of the Franklin 
Institute as a Memorial to Benjamin Franklin. The Institute awarded a 
Certificate of Appreciation to the Academy for this action. 

On motion it was voted to accept the Corresponding Secretary’s report 
and to place it on file. 

The Recording Secretary presented the following report: 

The 4lBt year of the Academy began with the 284th meeting and ended 
tonight with the 289th meeting. 

The 284th meeting was held in the Assembly Hall of the Cosmos Club on 
February 17, 1938. The address was given by Charles Thom, the retiring 
President of the Academy, on the subject A Mxcrohiologx^i Digs xn the Soil. 
Attendance about 75. 

The 285th meeting was held in the Assembly Hall of the Cosmos Club on 
March 17, 1938. The address was given by A. K. Balls of the Bureau of 
Chemistry and Soils on the subject Some Modem Aspects of Enzyme Cataly¬ 
sis. Attendance about 70. 

The 286th meeting was held in the Auditorium of the National Museum 
on April 21, 1938. The address of the evrmng was given by Marius Bab- 
BKAU, the Dominion Ethnologist of Canada, on the subject How Totem 
Poles Originated. The address was illustrated by motion pictures, slides 
and by Indian songs with drums Attendance about 125. 

The 287th meeting was held in the Assembly Hall of the Cosmos Club on 
November 17, 1938. The address on the subject Cancer and Cooperative 
Research was given by K. R Spencer, National Cancer Institute of the 
National Institute of Health. Attendance about 50. 

The 288th meeting was held in the Assembly Hall of the Cosmos Club on 
December 15, 1938. An illustrated address was given by F. H. H. Roberts, 
Jr., on the subject The Folsom Problem tn American Archeology. Attendance 
about 55. 

The 289th meeting of the Academy was held on January 19, 1939, in the 
Assembly Hall of the Cosmos Club with 85 persons present. The address of 
the evening was given by Paul E, Howe, the retiring President of the Acad¬ 
emy on the subject Some Problems in Attaining AdeqnaU NvtrUxon. This 
was the final meeting of the 4l8t year of the Academy. 

On motion it was voted to accept the Recording Secretary's report and 
to place it on file. 

The report of the Treasurer, H. G. Avers, was read by Howard S. Rap- 
pleye: 

CASH RECEIPTS AND D1BBURBEUENT8 

RECEIPTS 

From Back dues .. 110.00 

From Dues for 1938 . 2,426.10 

From Dues for 1939. . . • 30.00 
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From Life Membership (L H. 
From Subscriptions for 1938 
From Subscnptions for 1030 
From Sales of Journals 
From Payments for reprints . 
From Sales of 1937 Directory 
From Interest on Deposits 
From Interest on Investments 


James) 72.24 

836.40 
337.80 
167.34 
172.54 
2.80 
55.45 
1,085.10 


Total receipts 

Cash Balance January 1, 1038 
To be accounted for 


5,294.77 

8,807.11 


DISBURSEMENTS 


For Secretary’s Office, 1937 
For Secretary’s Office, 1938 
For Treasurer’s Office, 

For Journal Printing, 1937 
For .Journal Printing, 1938 
For Journal Reprints, 1937 
For Journal H^npts, 1938 
For .Journal Office, 1937 
For Journal Office, 1938 . , 

For Journal Illustrations 
For Meetings Committee, 1937 
For Meetings Committee, 1938 
For Membership Committee, 1937 
For Dues of Retired Member returned 
Bank Debit Memos, as follows: — 

Repnnts $12.61 

Dues 10.35 

Subscription . .11 


.$ 97.85 

171.90 
202.52 
276.82 
2,455 92 
56.26 
355 71 
50.65 
9.60 
281.57 
58.35 
223 60 
4.00 
5.00 


23.07 


Deposited in Savings Account 
Total disbursements 
Cash Balance December 31, 1938 


8,314.12 
12,580 V4 
1,514.94 


Total 


RECONCILIATION OF BANK BALANCE 

Balance as per Cash Book, December 31, 1938 . 

Bank Balance, American ^curity & Trust Co. as 
per statement of December 31, 1938 $ 1,696.44 

Checks outstanding, not cashed: 

No. 170 $21.50 

No. 503 160.00 


Total . 181.50 


Balance 

Check No. 170 listed as outstanding, was issued ip May, 1934, 
but has not been cashed. 


$14,101.88 


$14,101.88 
$ 1,614.94 

$ 1,514.94 
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INVESTMENTS 


400 Shares stock of Washington Sanitary Improvement Co., par 
value SIO per share, cost $ 

20 Shares stock Potomac Electric Power Co., 6% Pref.; cost. 

1 Bond of Interborough Rapid Transit Co. No. 37020, interest at 
5%; due Jan. 1960; par value SIOOO; cost. 

*1 Bond of Chicago Re^ways Co. No. 1027; interest at 6%; due 
1027^ar value $1000 less $250; cost. 

1 Real F&tate note of T. Q. Donaldson (No. 6 of 12) dated June 
20, 1937 for 3 years; interest at 5%; cost 

2 Real estate notes of Yetta Korman et als., dated Oct. 5,1938 
for 3 years; ^o. 7 of 37 for $500, and No. 8 of 37 for $500); 
interest at 5%; cost.. 

3 Real estate notes of Ell & Kay Bldg. A Investment Co. dated 
Oct. 15, 1938 for 3 years; (No 75 of 165 for $2000, No. 83 of 
165 for $1000, and No. 101 of 165 for $1000); interest at 5%; 
cost 

Butler notes—Property at 1707 L St., N. W. bought in by note 
holders—Academy’s share 4/250ths; Interest amounting to 
$20 received in 1938; cost. 


4,090.00 

2.247.50 

995.00 

713.87 

1 , 000.00 

1 , 000.00 

4,000.00 

2,000.00 


Deposited in Savings Account, 
American Security A Trust Co. 


$16,046.37 

8,314.12 


Total 

Bank Balance December 31, 1038 
Total Assets 


$24,360.49 

1,514.04 


$25,875.43 


ALLOTMENTS 


AUoUed Receipts 

Secretary’s Office. $ 450.00 
Treasurer’s Office 225.00 

Journal. 2,400.00+$! ,476.26-$3,876.26 

Meetings Committee 350.00 

Membership Commit¬ 
tee. 10.00 

Executive Committee. 10.00 

Bills outstanding, not paid, at end of year: 

(1) Secretary’s Office $105.70 

(2) Treasurer’s Office 2.75 

(3) Journal. 379.55 


Expended 
$ 171.90 (1) 
202.52 (2) 
3,102.80 (3) 
223.60 


* The bond of the Chicago Railways Company was not paid upon maturity due to 
the expiration of franchise and failure of the Lejnslature to enact continuing lensla- 
tion; interest has been paid to date under authority of the Courts, and $260 has been 
paid on the prinoip^ since maturity. 

The Auditing Committee, W. A. Dayton, Albert R, Mere, and Paul A. 
Smith reported: 

We, the undersigned members of the committee appointed to audit the 
accounts of the Treasurer of the Washington Academy of Sciences for 
the year 1938, desire first to compliment Treasurer H. Q. Avers on the 
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careful and orderly manner in which his records are kept, and to express 
our appreciation of the courtesy extended to us by Mr. Avers and his 
assistant, Mr. Meads. had greatly facilitated the work of the au¬ 
diting committee. 

The Treasurer’s records of receipts and expenditures, as shown in his 
account books and included in his report, have been carefully examined 
and found correct." All vouchers have been found to be correct and prop¬ 
erly approved. 

The balance sheets submitted by the bank and the securities listed in 
the Treasurer’s report have been examined. The statement of the assets 
of the Academy was found correct. 

No coupons not yet due were missing from any of the coupon-bearing 
securities. 

It was moved to accept the reports of the Treasurer and the Auditing 
Committee and to place thein on file. By vote it was so ordered. 

The Board of Editors, Eben H. Toole, Frederick D. Rossini and C. 
Lewis Gasin submitted the following report; 

Volume 28 for 1938 lias 556 pages, or 8 pages more than the preceifing 
volume. This was an average of 46^ pages per number. Of the 72 original 
contributions, 10 were addresses before the Academy or aflSliated societies 
and 2 were brief corrections of previous articles in the Journal. Forty papers 
discussed biological forms now to science. Of the original papers, 41 were by 
members of the Academy and 31 were by non-mcmbeis. The papers were 
illustrated by 22 halftones, and 64 line cuts, occup}ring 58 pages. Obituaries 
appeared of 8 deceased members. In addition to the proceedings of the 
Academy, which occupied 7 pages, 4 affiliated societies published their pro¬ 
ceedings in the Journal. The Philosophical Society furnished approximately 
25 pages with abstracts of 37 papers presentea before that society, the 
Chemical Society about 11 pages, with 17 abstracts; the Geological ^ietv 
about 10 pages, with 14 abstracts; and the Botanied Society 5 pages, with 
12 abstracts. All of the proceedings occupied somewhat more than one 
average sited number. 

The total net cost to the Academy of issuing the Journal for 1938 was 
$3,310.08, compared with $3,216.46 for 1637. The cost of printing was $4.91 
per page, whicn included $0.12 per page for alterations. The comparable 
cost per page for printing in 1937 was $4.81. The cost of engravings was ap- 

E roximately $6.64 per page of illustrations or $0.68 per pi^e. based on num- 
er of pages in the volume. A portion of this cost was paid oy authors. The 
total cost to the Academy of reprints furnished free to authors was $222.76. 

The report of the Boanl of Editors was accepted and ordered placed on 
file. 

The Tellers, S. F. Blake, N. R. Ellis and H. 8. Ibbell, reported the elec¬ 
tion of the following officers: President, Charles E. Cbahblisb; Non-resi¬ 
dent Vice Presidents, H. 8 . Graves and R. B. Soshan; Corresponding 
8ecretary, Nathan K. 8Hrni; Recording 8ecretary, Oscar 8. Adahs; 
Treasurer, H. G. Avers; Board of Managers (to serve 3 years) J. H. Hibben 
and G. Steiner; (to serve 2 years to fill a vacancy) H. C. Fuller. 

The Corresponding Secretaiy read the list of nominations for ^^ce- 
Presidents submitted by the affliated societies as follows: 

Philosophical Society—F. G. Brickwedde. 

Anthropological Society— Henrt B. Coluns, Jr. 

Biolo^cal ^dety — W. B. Bell. 

Chemical Society—B. H. Nicolet. 
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Entomoloocal Society— Austin H. Clark. 

National Geographic Society— Alexander Wbtiiorb. 

Geological Society—H. D. Miser. 

Medi^ Society— Fred O. Cob. 

Historical Society— Allen C. Clark. 

Botanical Society— G. F. Gravatt. 

Archeological Society— Ales Hrdlicka. 

Foresters—W. A. Dayton 

Washington Society of Engineers— Paul C. Whitney. 

Electrical Engineers—H L. Curtis. 

Mechanical Engineers^—H. L. Whittemorb. 

Helminthological Society—E. W. Price. 

Bacteriological Society—L. A. Roqbrb. 

Military Engineers— William Bowie 
Radio Engineers— J. H. Dellinger. 

Bv vote of the Academy, the Recording Secretary was instructed to cast 
one ballot for the list as read. This was done and the Vice-Presidents were 
declared duly elected. 

President Howe appointed Past Presidents Wetmore and Tuckerhan 
to escort President-elect Chambliss to the chair. President Chambliss 
thanked the Academy for the honor conferred upon him and urged upon all 
to be mindful of their duty to the Academy. 

Adjournment followed at 10 p.m 

Oscar S. Adams, Recording Secretary 


CHEMICAL SOCIETY 
603rd meeting 

The 603rd meeting was held in the Auditorium of the Cosmos Club on 
Thursday, October 27, 1938, with President Drake in the chair. This was 
the first of the newly initiated informal meetings. The society was addressed 
as follows: 

B. J. Mair: The chemietd compoatlton of the lubricant fraeiton of a midcon¬ 
tinent petroleum. —The results of a joint investigation of the Bureau of 
Standards and the American Petroleum Institute on the chemical composi¬ 
tion of the lubricant fraction of a midcontment petroleum were reported. 
The lubricant fraction was separated into a “wax” portion^ an “asphaltic” 
portion, an “extract" portion and a “water-white” oil portion. The water- 
white oil portion was first separated by distillation into substantially con¬ 
stant-boiling fractions. Charges of these fractions were prepared and each 
charge of alMut 500 g. separated by extraction with acetone in 14 m. columns 
into 26 to 36 fractions. A number of properties were determined on these 
fractions each of which represents 1/40,000 part of the original crude pe¬ 
troleum (Mair and Schicktans, J. Research NBS 17: 009, 1936). The data 
on these fractions was correlated with data available in the literature on 
synthetic Iwdrocarbons, and conclusions drawn as to their constitution 
(Mair and Willingham, J. Research NBS 17:923,1936). 

The extract portion was then investigated in an analogous manner by dis¬ 
tillation foUowra by extraction of charges with narrow-boiling ranges, except 
that in this instance methyl cyanide was used as the Mlvent. A large number 
of physical properties were determined on these fractions (Mair and Willing¬ 
ham, J. Re^rch NBS 21: 636, 1938). 
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To obtain information aa to the amount of aromatic hydrocarbons in 
these fractions, a selected 16 of them were completely hydrogenated, and 
the physical and chemical properties of the hydrogenated fractions deter¬ 
mined (Mair, Willingham and Btreiff, J. Research NBS 21: 565, 1938). 
The sulfur, nitrogen, and oxygen were removed from the fractions, and the 
fractions were completely converted to naphthenes by the hydrogenation 
process. There was no change in the number of carbon atoms per molecule. 

Finally a correlation was made (Mair, Willingham, and Streiff, J. Re¬ 
search NBS 21: 581, 1938) of the data on the extract fractions, the hydro¬ 
genated fractions, the water-white oil fractions, and of the data available 
in the literature on synthetic hydrocarbons. The conclusions resulting from 
the correlation were that, excluding the “wax" and "asphaltic” portions, the 
oil contains: (1) about 60 per cent of naphthenes with from 1 to 3 naphthenic 
rings per molecule (a very small amount of material containing 4 naphthemc 
rings per molecule is probably present also); (2) about 15 per cent of material 
with 1 aromatic ring and with from 1 to 3 naphthenic rings per molecule, 
together with a small amount of sulfur and oxygen compounds; (3) about 14 
per cent of material with 2 aromatic rings (linked through two common 
carbon atoms) and 2 naphthene rings per molecule, together with a small 
amount of sulfur and oxygen compounds; and (4) al^ut 11 per cent of ma¬ 
terial with more than 2 aromatic rings per molecule (each probably linked 
through 2 common carbon atoms) and 1 or 2 naphthene rings per molecule, 
together with some sulfur, nitrogen, and oxygen compounds. (riufAor’s 
abstract.) 


5()4tH MEETING 

The 504th meeting was held in the Auditorium of the Cosmos Club on 
Thursday, November 10, 1038, with President Drake presiding. The pro¬ 
gram was preceded by the annual election of officers for the ensuing year. 
The following were elected; Prendeni: Frank C. Kracek, Geophysical 
Laboratory; Secretary: Ratuond M. Uann, National Institute of Health; 
Treasurer; Norman Bekkedahl, National Bureau of Standards; Councilors: 
N. L. Drake, H. T. Herrick, J. H. Hibbbn, G. E. Hilbert, G. E F. Lun- 
DELL, B. H. Nicolbt, B, D. Van Evera; Board of Managers: A. H. Blatt, 
P. H. Groggins, H. L. j Haller, F. D. Rosami, J. F. Scbairer, E. R. 
Smith. The Society was then addressed as follows: 

Louis F. Fieser, Harvard University: Cancer ■producing hydrocarbons .— 
During the eight years since the discovery that pure 1,2, 5, d^bensanthra- 
cene has the ability to produce malignant growths in test animals, particular 
attention among workers in the field has been given to the biological inves¬ 
tigation of this hydrocarbon and of two other polynuclear aromatic hydro¬ 
carbons. 3, 4-Benspyrene is of special interest because it produces tumors 
with great rapidity and because, as it is a constituent of carcinogenic tars, 
it undoubtedly has been responsible for the induction of skin cancer in 
humans. Of even more interest is the highly potent carcinogen methylohol- 
anthrene, for this bears some structural relationship to sex hormones arising 
in the body as products of normal steroid metabolism, and it has been pro¬ 
duced by the chemical degradation of two adds normally present in the bile, 
and also from cholesterol. 

An analysis of the collected data from biological experiments conducted 
in numerous research centers reveals a number of points of interest concern¬ 
ing the actions of these three hydrocarbons. They all produce tumors with 
such umform regularity, when tested under suitable conditions in non-rc- 
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Butant tissues, that the most significant criterion of relative potency is given 
by the average time required for the induction of tumors. The average induc¬ 
tion time, for a given tissue, a given technique of administration, and a given 
dosage, is a reasonably reproducible and accurately determinable quantity. 
Consideration of pertinent data affords significant information on influ¬ 
ence of the nature, state, and dosage of the hydrocarbon administered, and 
on such variable factors associated with the nature of the test animal as the 
sex, age, strain, species, and tissue. With this information, it is possible to 
correlate a large body of data on a comparable basis and to arrive at criti¬ 
cally weighted average values for the induction periods of the three hydro¬ 
carbons as tested in various tissues of rats and mice. It is concluded that all 
three compounds act somewhat more rapidlv when injected subcutaneously 
into mice than when applied to ^e skin, ana produce a more rapid response 
in the subcutaneous tissue of mice than of rats Methylcholanthrcne is per¬ 
haps slightly more potent than 3, 4-ben2pyrene, and both substances act 
considerably more rapidly than 1, 2, 5, 6-dibenzanthraccne. 

In seeking to discover the structural features responsible for the marked 
cancer producing properties of methylcholanthrene, a number of simpler 
substances having various features of its structure have been 83 rnthesized 
and tested. The closest approach to a simpler model-compound has been 
found in 10-methyl-l,2-bensanthracene, and it has been concluded that the 
feature of structure of greatest importance in methylcholanthrene is the 
presence of a l, 2 -bea 2 anthraccne ring system with an alkyl substituent at 
the meso position 10. Substitution m the alternate meso position 9 is also 
favorable for carcinogenic activity, but to a lesser extent, and there are defi- 
mte indications of a reinforcing function of alkyl groups in a meso and an 
o-position in the anthracene nucleus Studies of possible models of 3,4-ben2- 
pyrene have not progressed as far, but it appears at present that this hydro¬ 
carbon probably has a structure unique unto itself. 

Relationships between structure and carcinogenic activity have been 
sought in the nope of finding a duo to the nature of the action of the hydro¬ 
carbons in initiating malignancy. Another Imc of attack has been to search 
for some special chemical or physical property of the hydrocarbons which 
might be correlated with their biological actions. In recent work a special 
chemical property has been discovert. It has been found that methylchol- 
anthreno and 3,4-benEpyrene, the most potent of the known carinogenic 
hydrocarbons, possess chemical reactivity of a specific kind to a degree not 
previously encountered in any known aromatic hydrocarbons. They show a 
remarkable susceptilulity to substitution reactions, as exemplified in diazo 
coupling, oxidation with lead tetraacetate, and condensation with methyl- 
formanalide. From such results as have been obtained in the brief period since 
the first recognition of this unsuspected property, it appears that there is at 
least a rough correlation between the chemical reactivity of the hydrocar¬ 
bons and their carcinogenic activity. Coupled with biological results indicat¬ 
ing that the hydrocarbons undergo rapid chemical reaction in contact with 
animal tissue, the observations suggest that the first step in the action of a 
carcinogen in the induction of malignant grov^h consists in a sul^titution 
reaction. It is conceivable that this may consist in a hydroxylation, or in 
the introduction of a sulfhydryl group or an amino residue. {Author's ah- 
sfroef.) 

505th MEBTINa 

The 505th meeting was held in the Auditorium of the Cosmos Club on 
Thursday, December 8, 1938, with President Drake in the chair. The 
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President announced with sorrow the passing of Charles Edward Muiraoi, 
in his 89th year, on December 7,1937. Professor Munroe was past president 
of both the Chemical Society of Washington, and of the American Chemical 
Society. The following resolutions were read into the minutes of the Society: 

“In the death of Professor Charles Edward Munroe on the afternoon 
of December 7,1938, at the age of 89 and a half years, the Chemical Society 
at Washin^n has suffered an irreparable loss. During his forty-six yean of 
residence m Washington, Professor Munroe’b activities were so closely 
interwoven with those of this local society that they constitute an almost 
unbroken record of service in one connection or another. Immediately after 
his coming to Washington in 1892 as Professor of Chemistry at Columbian 
(later George Washington) University, he took an active part in the move¬ 
ment that led to the incorporation of the existing Chemical Society of 
Washington as a section of the American Chemical Society. In 1896 he 
became the twelfth president of this Society, and, until the time of his re¬ 
tirement as Chief Explosives Chemist of the Bureau of Mines in 1934, main¬ 
tained an active interest in all phases of its work. As a charter and life mem¬ 
ber of the American Chemical Society, and as the oldest of its past presi¬ 
dents, he was regarded not only locally but nationally as the beloved dean 
of American Chemistry. 

Of the many occasions at which Professor Munroe appeared upon our 
program, the most memorable was at the 400th meeting on March 29, 1928, 
when he. Dr, H. W. Wilet, and Dr. F. W. Clarke, all former presidents 
of the Society and past presidents of the American Chemical Society, were 
the speakers and guests of honor. The reminiscences of Professor Munroe 
at this meeting, narrated with the delightful charm of manner that was so 
characteristic of all that he did, are still fresh in the minds of all who were 
then present. 

The great and lasting services of Professor Munroe to American Chem¬ 
istry are too well-known to require mention in the present resolution. Be it, 
however, 

Resob^ that a Committee of the Chemical Society of Washington be 
authorized to collaborate with the American Chemical Society in the prep¬ 
aration of a comprehensive review of the contributions of Professor 
Charles Edward Munroe to the Science and Art of Chemistry, and be it 
also 

Resolved that this expression of regret on the death of our fellow member 
and past president, Professor Charles Edward Munroe, be recorded in 
the minutes of this Society and that a copy thereof be sent with our expres¬ 
sions of sympathy to Mrs, Munroe and the members of her family.” 

The meeting was addressed by Professor E. Berl, of the Carnegie Insti¬ 
tute of Technology, who spoke on the pracUoal aspects o/ ceUulose dmeotives. 
The speaker discussed in detail the preparation, stability, and fabrication 
of the many industrially important derivatives of cellulose, particularly 
with respect to their use in synthetic yams and similar products. 

Frank C. Kracek, Secretary 
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OcoBoc Hebbibbt Gibtt, geologist of the Geological Survey and special¬ 
ist on Carboniferous and Penman formations and faunas, died at his home, 
3600 Macomb Street, N.W., Washington, D. C., on Friday, January 27, 
of a heart ailment. Doctor Girty was Iwm Decemlwr 30,1869, in Cleveland, 
Ohio. He was educated in the public schools of Cleveland, and at Yale 
University. He received his A.B. from Yale in 1892, and his Fh.D. in 1894. 
He joined the staff of the Geological Survey in 1895, and was a valued mem¬ 
ber of that organisation continuously from then until his death, a period of 
44 years. 

Doctor Girty made field investigations of Carboniferous and Permian 
rocks in nearly all states and territories in which they occurred, and de¬ 
scribed the invertebrate faunas of the formations studied. More than any 
other man. Doctor Girty laid the broad foundatiom for the present day 
interpretations of the Carboniferous geology of the West and Southwest, 
as well as for Alaska. He is most widely known for his classical studies of 
the Permian faunas of Texas, but nearly all of his papers are used and cited 
throughout the world. He was the author or part author of 9 Professional 
Papers and 12 Bulletins of the Surv^, and of about 50 otter articles. His 
written opinions and memoranda on Carboniferous problems, most of which 
are print^ in the reports of his colleagues, must approach a thousand. 

Doctor Oir^ was a member of the American Association for the Ad¬ 
vancement of wience, the Geological Society of America, the Paleontological 
Society, the Washington Academy of Science, the Geolopcal Society of 
Washington, and Phi Beta Kappa. 

A direct, penetrating thinker, a critic who could detect fallacy with un¬ 
erring accuracy, no matter how subtly or elaborately it was camouflaged, a 
man with a strong sense of justice and fairpla^r, frank, honest, faithful, 
George H. Girty wUl be sadly missed in his profession and among his friends. 

Charlbb Edwabd Munbob, dean emeritus of the School of Graduate Stud¬ 
ies of George Washington University, died at his home in Forest Glen, Mary¬ 
land, on the afternoon of December 7,1938. Dr. Munroe was bom at Cam¬ 
bridge, Mass., May 24,1849. Ho graduated summa cum laude from Harvard 
in 1871, and for the next three years taught chemistry there and established 
the first course in chemical technology. He left Harvard in 1874 to accept the 
professorship of chemistry at the United States Naval Academy, where he 
remained until 1886. He next served as chemist of the United States Naval 
Torpedo Station and War College at Nev^rt, R. I. In 1892 he became 
Professor of Chemistry and also served as Dean of the Graduate School of 
George Washington University until his retirement in 1918. 

Dr. Munroe was the inventor of the smokeless powder “Induiite." He 
was engaged in many public services. His copious reports for the censuses 
of 1900, 1905, and 1910, as expert agent in charge of chemical industries, 
are invuuable for their wealth of historical and statistical information. He 
served also at various times as consulting expert for the U. S. Geological 
Survey, the U. S. Forestry Service and the Civil Service Commission, and 
was chairman of the advisory committee of the American Railway Associa¬ 
tion for drafting regulations on the safe transportation of explodves. He 
was chairman of the Committee on Eixplosives of the American Society of 
Testing Materials and also of the Committee on Explosives Investigations 
of the National Research Council. No lees extensive were Munroe's services 
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for the DumerouB scientific societies of which he was a member. In 1873 at 
the meeting of the American Association for the Advancement of Science in . 
Portland, Maine, he was secretary of a group of distinguished chemists 
(among whom were seven future presidents of the American Chemical 
Society) who petitioned the Association for the formation of a subsection of 
Chemistry. He was also the last surviving charter member of the American 
Chemicfd Society (founded in 1876) whicn honored him with its presidency 
in 1898. His services to this body, of which he was a life member, were of 
the highest order. He served continuously as Associate Editor on Explosives 
for Chemical Abstracts from the first imue of this Journal in 1907 until 
death terminated the activity of his pen. 

In addition to the various domestic and foreim chemical societies to 
which he belonged, Munroe was a member of the American Association for 
the Advancement of Science, the American Philosophical Society, the Ameri¬ 
can Academy of Arts and Sciences, and an honorary member of the Wash¬ 
ington Academy of Science. He was a recipient of numerous honors, among 
wUch were a membership of the Turkish Order of Medjidieh and a decora¬ 
tion of the Order of Leopold from Belpum. 

Edmund Cecil Suorey passed away, after a period of illness, on Monday, 
January 30, at Emergency Hospital, Washin^on, D. C. Dr. Shorey was 
bom in Lanark County, Ontario, on March 5, 1865. He secured both his 
undergraduate and m^uate education at Queens University, Kingston, 
Ontario, with the B.A. denee in 1886, the M.A. in 1887. and the D.Bc. in 
1896. This institution also Honored him with a gold medal in chemist^ and 
a silver medal in natural science. For the year following his graduation he 
was connected with Queens University as a demonstrator in chemistry. 
From 1888 to 1891, he was engaged in private analytical work and assaying. 
Dr. Shorey entered the field of industrial chemistry when he became chemist 
for the Kohala Sugar Company of Hawaii. In 1899 he was appointed 
Chemist of the Territory of Hawaii and served in this capacity until 1903, 
when he became Chemist of the Hawaii Agricultural Experiment Station. 
After four years with this institution he was transferred to the Division of 
Soil Fertility Investigations, Bureau of Soils, U. S. Department of Amcul- 
ture. His long association with the Department was only interrupted by a 
brief return to commercial research in 1918 to 1921. In the Division of Mil 
Fertility Investigations he attained the rank of Senior Biochemist, and, 
upon retirement in 1936, remained as a Collaborator. 

Dr. Shorcy’s chief interest and activity in chemical research was the bio¬ 
chemical aspect of the organic matter of soils as related to plants. This re¬ 
search is covered by numerous papers and bulletins and the results of this 
work gained him international recognition. His intense interest in this field 
of organic chemistry was maintained un^ the last, as evidenced by the 
publication last March of his work upon the isolation and identification of 
allantoin from several soils. 

Dr. Shorey was a fellow of the American Institute of Chemists, and a 
member of the American Association for the Advancement of Science, the 
American Chemical Society, the Society of Biological Chemists, and the 
Washington Academy of Smences. 
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GEOPHYSICS .—From the center of the earth to the sun.* N. H. 

Hsck, U. S. Coast and Geodetic Survey. 

It is customary for the retiring president to select a subject related 
to his work. When that work deals with the broad phases of both ter¬ 
restrial magnetism and seismology, the logical procedure is to pre¬ 
sent a broad review rather than the results of his individual endeavor. 

The theme "From the Center of the Earth to the Sun" might be 
construed as dealing with the whole field of science, but the subject 
of the present paper is narrowly restricted to what can be learned 
from observations in seismology and terrestrial magnetism about the 
interior of the earth, its atmosphere, and the sun. While the principal 
findings have all been announced, appraisal of their validity is needed 
in some cases. An opportunity is also afforded to discuss errors of 
observation as related to the recently developed need for higher 
accuracy. 

Since the work in both subjects is highly cooperative, the historical 
background, especially in the United States, must be understood. In 
the case of terrestrial magnetism, the Coast and Geodetic Survey 
(hereinafter referred to as the Coast Survey) has been making obser¬ 
vations for more than 100 years, and for nearly 40 years there has 
been an effective program, including the magnetic survey, the repeat 
program at 5- to 10-year intervals, and the operation of five widely 
separated magnetic observatories. Its great contribution has been in 
putting this information into convenient form for use by investi¬ 
gators. 

Much of the interpretation of this and of other data from all over 
the earth has been done by the Department of Terrestrial Magnetism 
of the Carnegie Institution of Washington (hereinafter referred to 
as the Carnegie Institution), whose main purpose is the investigation 
of the subject of terrestrial magnetism in relation to other phenomena 
and for the earth as a whole. It is well known that its program has 
included observations in a number of lands where no magnetic sur- 

* AddnM of tho ntlriiig preiident of the Fhllooophleid Society of Washington, 
deliTsred January 1980. ReoelTcd March 27, 1039. 
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vey exists, the operation of two well-equipped observatoriee in for¬ 
eign countries, and, for many years, magnetic observations at sea. 

For the earth as a whole many nations engage in both magnetic 
obnrvation and interpretation of the results. Among these Great 
Briifain,' Germany, and some of the other nations of northwestern 
Europe have been outstanding. There are in all about 80 magnetic 
observatories. 

The situation in seismology is evidenced by the existence of more 
than 400 stations for recording earthquakes scattered over the earth, 
but the majority of them and most of the interpretative work have 
been in Europe and Japan. Only recently has the United States begun 
to take an outstanding place. Contributions to knowledge of the 
interior of the earth have come from organised groups in California, 
the Mississippi Valley, Washington, D.C., and New England. The 
Coast Survey has been engaged in direct and cooperative operation 
of observatories, interpretation of their records, location of the places 
of origin of earthquakes, and in the measurement of strong earth 
motions. 

Since the earth sciences necessarily deal with the earth as a whole, 
generalisation from limited observational data is necessary. In the 
case of both terrestrial magnetism and seismology, the neeesnty of 
having continuous observations of hi^ accuracy, ande from all 
questions of cost, places a definite limitation on the number and spac¬ 
ing of the places of observation. It is most important that observa¬ 
tions be sufficiently accurate to meet all present and future require¬ 
ments. 


ERRORS IN OBSERVATION 

Errors in observation will lead to erroneous conclusions, and the 
use of statistical methods cannot remedy basic defects. Complete 
discusrion would be too long, and consideration of time in seismology 
and ol absolute measurements in terrestrial magnetism will have to 
serve to bring out the essential points. 

Errors of Time in Seumoloffical Reeordo 

\ 

In seismology time is related: to earthquake locatkm, both in posi¬ 
tion and depth; to the physical characteristics of the earth’s interior; 
and to the verification and location of surfaces of discontinuity. The 
source of this information is the travel time curve, in which the time 
of wave transmission from place of origin of earthquake to recording 
station is p4!$ted against dirtance, or the equivalent table. The effect 
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of a given error in time varies in different parts of the curves and tables 
and may be very large. 

The needed accuracy of time as scaled from the records (0.1 or 1.0 
second, as earthquakes are near or distant) may seem readily obtain¬ 
able, but accuracy attained without difficulty under favorable con¬ 
ditions may be almost unattainable, or incapable of being maintained, 
at remote stations, because of mechanical and electrical difficulties. 

The requirements are that a drum be turned at a uniform rate by 
synchronous motor or by clockwork preferably controlled by a suit¬ 
able governor; time marks must be placed at uniform intervals; and 
the time must be absolute. Electric current with accurate frequency 
control is by no means universal, time-marking chronometers have 
varying rates, and the frequent United States Naval Observatory 
time signals, indispensable as they are to seismologists, cannot in 
themselves provide continuous absolute time. The use of a radio sig¬ 
nal to mark the same instant on all the records of a network of sta¬ 
tions suggests the recording of continuous time signals, but it has 
not been found practicable to use the second-by-second signals of 
the Dominion Observatory, Ottawa, Canada, or the frequency con¬ 
trol signals of the National Bureau of Standards for this purpose. 
Even if suitable minute-by-minute signals were available, provision 
would have to be made for failure of radio reception. 

In addition to the control errors, there is also the error in selecting 
the exact time of beginning of an activity, a problem common to 
both seismological and magnetic record.^. The identification of the 
beginning of an earthquake phase or of a sudden conomencement of 
a magnetic storm depends in a large measure on the sharpness of the 
arrival, that is, the slope (Fig. 1). Very sh4rp arrivals can be deter¬ 
mined with great accuracy, but emergences with flat slopes or com¬ 
plex arrivals are not easy to measure precisely. In the cose of earth¬ 
quakes the presence of microseisms may make phase identification 
difficult. Seismological stations have been appraised as having inac¬ 
curate time control when the errors in interpretation were due to 
microseisms. 

An open time scale is helpful, but it is a fallacy to assume that the 
more open the scale the greater necessarily the accuracy. With too 
great increase the steep slopes may become relatively flat. The quick 
run magnetic recorder of La Com* with a speed of 180 mm per hour 
as against the 15 or 20 mm per hour in customary use makes it pos¬ 
sible to determine the time of certain arrivals with great accuracy, 
but the records as a whole are difficult to interpret and cannot be 
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satisfactorily used in filling gaps in records with the ordinary time 
scale. 

Each individual seismological record is complete in itself as a source 
of seismological data, its limitations depending solely on the quality 
of the installation and the standards of operation. 

Errors in Conversion from Relative to Absolute Magnetic Values 

In the case of terrestrial magnetism, the errors to be discussed are 
those related to the conversion from relative to absolute values. Since 

IMPETUS EMERGENCE 

SEISMIC WAVE ARRIVALS 
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SUDDEN COMMENCEMENT 
(NORMAL) 



8U00EN COMMENCEMENT 
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MAGNETIC STORM ARRIVALS 


COMPLEX 


Fig. 1 —Records of seismlo wsve arrivals and of magnetic storm amvals 

no means has been foimd to make continuous absolute observations 
of the magnetic elements, the continuous records are relative and can 
afford absolute values only through absolute determinations at suit¬ 
able intervals. Certain investigations in terrestrial magnetism appear 
to require only relative values, but full reliance cannot be placed on 
their accuracy without control by absolute observations. 

The relative values themselves have their own sources of error, 
especially instrumental imperfections and uncertainty in the elimi¬ 
nation of temperature effects (in the case of intensity). There is some 
attempt at temperature and humidity control at most observatories. 
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but at remote places laboratory conditions cannot be reproduced. 
There are similar errors in the absolute determinations, and there are 
other sources of error. In the Gauss method of measuring horisontal 
intensity, which is still in general use in spite of the adoption of elec¬ 
trical apparatus at a limited number of observatories, the observa^ 
tions require considerable time, during which the element may change 
in an irregular manner. Horizontal intensity requires two distinct ob¬ 
servations (oscillations and deflections), and vertical intensity de¬ 
pends on the further measurement of dip. Each has its own source of 
error. Furthermore, only one element can be measured at any given 
point at the same instant. 

The assignment of correct absolute values to the baseline (straight 
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Fiff 2.—Keoord of magnetic variation Abacituiae ropreaent time in hours; ordinates 
represent D* Hp and Z, with scales as indicated. 

line of reference on the magnetogram. Fig. 2) is affected not only by 
the errors of observation but by the comparative infrequency of ab¬ 
solute determinations at most observatories. At Abinger, England, 
several determinations are made each day, but such procedure is 
rarely feasible. There is always the possibility of a sudden change in 
the position of the variometer magnet due to some mechanical change, 
which affects the proper assignment of baseline values. Temperature 
compensation is not always perfect. 

In a different class of error the magnets may not be in the plane 
in which they should operate, in which case they measure the change 
in the resultant of two elements rather than of a single element. Re¬ 
cent examination with more refined methods diows that many instru¬ 
ments had magnetic parts near the magnet. Good progress is being 
made in eliminating these sources of error. 

Though the list of possible errors sounds formidable, in practice 
the results are good. However, the degree of accuracy attempted—0.1 






194 J 0 T 7 RNAL or THE WASHINGTON ACADEHY OF 8CIBNCBB TOL. 29, NO. 6 


minute in declination and dip and 1 gamma (10-* gauss) in intensity 
—^is consistently obtained at few observatories, and there are oases 
of gross error. Eternal vigilance is the price of accuracy. 

Standardization 

Even if precise data were available from every observatory, errors 
sufficient to affect adopted theories might arise from differences in 
standards. The Carnegie Institution has adopted an international 
standard, which is now maintained at Cheltenham jointly with the 
Coast Survey and the National Bureau of Standards. The use of the 
sine galvanometer of the Carnegie Institution at Cheltenham to de¬ 
termine horizontal intensity has enhanced the value of the residts. A 
series of intercomparieons has been going on for years between United 
States observatories by the Coast Survey and internationally by the 
Carnegie Institution. Recently La Cour, director of the Meteorological 
Service of Denmark, has suggested more frequent intercomparisons 
by means of instruments developed under his direction, and some 
comparisons have been made between Denmark and the United 
States and elsewhere. 

At places other than observatories in general only absolute obser¬ 
vations are possible, though the Carnegie Institution makes diurnal 
variation observations over short periods and the Coast Survey is 
developing a portable observatory to operate about two weeks at a 
site. In most cases correction for magnetic changes must be deduced 
from the records of a distant observatory. V. Vacquier, of the Gulf 
Research Laboratories, has shown in the case of vertical intensity that 
on certain days this practice will lead to erroneous results, because of 
local variations which may extend over a distance of 300-500 miles. 
Fig. 3 shows changes in vortical intensity on a given day from Chelten¬ 
ham, Md., to Tucson, Ariz., magnetic observatories. 

The demand for accurate determination of the magnetic elements, 
especially vertical intensity, has grown, since the measurement of 
that element has proved to be a useful method of discovering geo¬ 
logical formations associated with oil and minerals. The anomalous 
situation exists that differences are more accurate than absolute 
values. Such detailed surveys would be more valuable if the values 
were absolute. The stress that has been laid on the reduction or elimi¬ 
nation of errors may seem excessive, but it is based on a conviction 
that one of the important needs is steady improvement in instruments 
and methods by all agencies engaged in magnetic and seismological 
work. The Coast Survey is committed to such a program. 
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INTERIOR OF THE EARTH FROM SEIBMOLOOT 

The principal facts that are needed regarding the interior of the 
earth are the viscosity, density, elasticity, temperature, pressure, 
liquid or solid condition, gradual or sudden change of physical con¬ 
dition, and especially whether the earth consists of a series of con¬ 
centric shells. For the deep interior the passage of earthquake waves 
is the principal and perhaps the only source of detailed information, 
though certain facts can be deduced from other sources. The trans- 



Fig 3 —Simultaneoiu Tariations in vertical magnetic intensity. 

mission of the waves follows definite laws fixed by the condition of 
the medium traversed, which it therefore reveals. In some cases seis¬ 
mology merely reduces the number of unknown factors and indicates 
a possible solution. 

Of the desired facts listed reguding the interior of the earth, seis¬ 
mology gives definite evidence of change of condition, especially 
throu^ the location of layers of discontinuity; gives some idea of 
elasticity, compressibility, density, and rigidity; tells little about 
temperature and pressure; and tells that the earth is solid with the 
possible exception of the core, whose solidity remains somewhat 
doubtful. 

If conditions within the earth were known, travel time curves could 
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be computed from theory alone. The approach to the problem u 
quite di£Ferent. Seismological stations in many parts of the earth have 
furnished a vast number of records of earthquakes at every possible 
distance from the recording station. These records give transmission 
times, and by means of suitable mathematical treatment and certain 
broad assumptions velocity can be deduced for every part of the 
path traversed. This makes possible the accurate location of earth¬ 
quakes whether of normal depth or deep focus, and also knowledge 
regarding the interior of the earth, since assumptions regarding it 
must fit the observed times. In recent years the process of correlation 
and interpretation has been accelerated, and probably the major 
portion of the arriving phases have been identified. 

There are two methods of attack. One is by studying a single earth¬ 
quake, using records from all parts of the earth, which brings out dif¬ 
ferences in transmission in various regions. The other, an older 
method, is to average the results of a large number of determina¬ 
tions from earthquakes recorded at similar distances. Seismologists 
have used both methods in preparing various travel time tables, 
which are by no means in agreement with one another. 

Seismology makes it possible to compute the density of the earth 
at different depths, that at the surface and the mean density of the 
earth being known in other ways. Values of special interest as given 
by Bullen for given depths are as follows: 42 km, 3.32; 2,800km, 5.50; 
3,000 km, 9.82; center of earth 12.17. Mean value for the earth is 5.52; 
for core 10.76; and for portion outside of the core, 4.49. 

Seismology tells little about the temperature, though it is an im¬ 
portant element in fixing the conditions of earthquake wave transmis¬ 
sion. This lack of information is especially regrettable because the 
question whether the temperature continues to increase at the rates 
given by measurements in wells down to 15,000 feet is important in 
magnetism as well as in seismology. 

Laboratory procedure is giving useful information regarding prob¬ 
able conditions in the earth’s crust. Pressures now available (about 
50,000 atmospheres) correspond to the depth of about 100 miles, 
but only limited application has as yet been made to seismology. 

Core 

One of the best-established facts in seismology is the existence of a 
core with its siu^ace at a depth of 2,900 km (Fig. 4), so that its diam¬ 
eter is a little more than half that of the earth, and it contains one- 
sixth of its volume. The core is known both through the determination 
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of the position of its surface and because the velocities within it are 
very different from those outside of it. The velocity, according to 
Gutenberg and Richter, changes suddenly at the boundary of the 
core from 13.7 to 8 km per second, and within the core it increases to 
11.4 km at 5,150 km depth and remains practically unchanged to the 
center of the earth. The question whether the core is liquid or solid 
is still an open one. Bnmner states that he has found no absence of 
activity at proper places on the record for arrival of transverse waves 
through the core but rather too much activity and none of it out¬ 
standing. The inference is that if these waves traverse the core they 
carry little energy. 

The question whether the core, like many meteorites, consists of 
iron and nickel may be of importance in connection with terrestrial 
magnetism. The evidence for such composition has often been given 
and seems quite satisfactory. Jeffreys has stated that if the pressure 
could be removed the density of the core would be equal to that of 
iron at the surface. The discontinuity at the surface of the core seems 
fairly sharp. Certainly there are no great irregularities in the transi¬ 
tion. 


Mantle 

That part of the earth which lies between the core and the bottom 
of the crust is known as the mantle. It has no major discontinuity, 
but it seems to have several minor ones which probably indicate 
sudden change of physical condition in addition to the gradual change 
with depth, a characteristic of the mantle. Various discontinuities 
have been suggested, those receiving most consideration at present 
being at about 1,000 and 400 km (Fig. 4). It is noted that the 400 km 
discontinuity, if real, is of less depth than the deeper of the deep-focus 
earthquakes, which reach 700 km. However, the layer of discontinuity 
is presumed to extend around the earth, while the deeper earthquakes 
are confined to areas of limited extent. The general distinction be¬ 
tween the crust and the mantle is that the conditions in the mantle 
are nearly the same everywhere at the same distance from the center 
of the earth, while the crust is quite variable. Regional anomalies in 
transmission of waves through the earth indicate that in some regions 
there are differences which may extend into the mantle. 

Deep-focus earthquakes are confined to a portion of the rim of the 
Pacific Ocean with a few exceptions (Fig. 5). The criteria by which 
they are recognised are that their phases do not fit the tables for 
normal earthquakes with depths of 50 km while proper assumption of 
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depth gives satisfactory values; and that there is almost complete or 
complete lack of surface waves. They often exhibit an unexplained 
phenomenon: Waves which have gone from focus to surface and there 
been reflected arrive with more energy than the direct waves from the 
focus. 
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The deep>foous earthquake seema to conflict with the theory of 
isostasy as there should be no possibility of building up of stress below 
the depth of compensation, which at most is held to be less than 100 
km. However, these earthquakes act like tectonic and not volcanic 
or explosive types, so that there must be gradual building up of stress. 
Gutenberg has pointed out that while there may be no strength at 
such depths there is viscosity, so that a rapidly developing stress 
might suddenly overcome the resistance with resultant earthquake. 



The crust of the earth is only a small portion of its volume, but it 
is of extreme importance from the human viewpoint, from the fact 
that its surface is the platform on which all magnetic and seismologi* 
cal observations are made and because it is itself infinitely more varied 
in structure than the rest of the earth, the variety in general increas¬ 
ing toward the surface. All except deep-focus earthquakes, which are 
a small proportion of the whole number, occur within the crust. The 
effects of the severe earthquakes in causing damage and aiding in the 
processes that bring about geological change constitute the principal 
reason for earthquake observations from which scientific information 
regarding them is obtained. 

For the region immediately beneath the surface, whether on land 
or under the ocean bottom, information has been obtained by the 
use of artificial seismic methods based on explosions. Additional in¬ 
formation has been found in regard to the surface layers on land 
throu^ the measurement of strong earthquake motions and the use 






200 JOXniNAIi OF THB WABBINOTON ACADUKT OF BCIBNCUB TOL. 20, NO. 6 


of vibrating machines and highly sensitive recording apparatus. The 
Coast Survey has obtained important results in these two fields. 

Thickness of the Crust from Isoslasy 

The thickness of the earth's crust is uncertain, since it can be deter¬ 
mined only by geophysical methods, and different methods give dif¬ 
ferent results. The theory of isostasy, according to the Pratt hypothe¬ 
sis (Fig. 6), gives a rather uniform thickness of crust except for surface 
variations in height, since computations give a depth a little less than 
100 km. This is the simplest of all conceptions of the crust. The Airy 
hypothesis of isostasy calls for uniform depths over considerable 
areas, the greatest depths being beneath the mountain areas. A dif¬ 
ficulty in choosing between the two arises from the fact that an ac¬ 
curate depth of compensation can be computed only for a mountain 
and not for a flat area. Byerly has found from seismic evidence that 
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Fig. Q.—(a) llIuBtretes Airy or "roots of mountains” theory; 

(b) illustrates Pratt theory. 

the Sierra Nevada in southern California have a granite root pro¬ 
jecting perhaps 20 km below the normal depth for granite. The con¬ 
tinental layer is deeper beneath the Alps than the rest of Europe. 
This might seem to give indirect evidence in favor of the Airy hy¬ 
pothesis. Macelwane also favors it for seismological reasons. 

As to the exactness of the depth of compensation adopted, the com¬ 
putations permit some degree of latitude. Furthermore, while isos¬ 
tasy expresses the view that the crust has a strong tendency to 
equilibrium at a certain depth, perfect equilibrium can never be 
attained so long as meteorological processes, witl) their consequent 
shift of load on the earth’s crust, continue. 

Thickness of Crust from Seismology 

The crust derived from seismology is quite different from that just 
described. Seismic waves give evidence of its thickness in several 
ways, but only one method gives quantitative results—^the use of 
travel time curves of the several parts of the preliminary waves from 
earthquakes within a few hundred kilometers. This method is well 
established and is responsible for the determinations of Jeffreys and 
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Mohorovicic in Europe and of Gutenberg in California. Instruments 
for recording nearby earthquakes and time correct to 0.1 second are 
needed. These conditions are met only in a few regions. 

Smface waves in spite of their complexity give some information 
regarding the crust. They indicate the great difference in the Pacific 
Ocean basin, since the surface waves traversing it have a speed 
nearly 20 percent higher than for the continents. They give evidence 
of a vertical surface of discontinuity of moderate depth around the 
Pacific which corresponds to the major earthquake belt. Other ap¬ 
plications give promise. 

Results from various sources are given in Table 1. They are clearly 
preliminary and highly generalised. The broad picture includes double 
or multiple continental layers aggregating 40-50 km, becoming less 


Tablb 1.—TniCKNKBa or Continbntal Layvb 
(Accobdinq to Qotbndbbo) 


Locality 

Continental crust 
(depth in kilometers) 

England 

20 

Southern Germany 

46 

Eastern Alps 

60 

Southeastern Europe 

About 46 

Caucasus 

About 467 

Central Asia (region of 40® N., 70® E.) 

40-60 

Philippine Islands 

About 60? 

Japan 

About 60, decreasing toward the Paciho 

Southern and central California 

30-40 


toward the borders; a total depth of 20-25 km for the non-Pacifio 
type of ocean bottom and no similar layer at all for the Pacific, 
Needed detail is lacking at every point. 

The complications are well illustrated by an approximately correct 
section of the cnist in the vicinity of Japan, which, however, omits 
the geological details (Fig. 7). The depth of compensation is highly 
approximate, since it cannot be determined accurately in such a 
varied region with great gravity anomalies. 

In regard to the coordination of the two conceptions, it must be 
remembered: first, that the depth of compensation is rather indefinite, 
with rather wide possible limits; and second, that there seems to be 
no reason why there should necessarily be at the depth of compensa¬ 
tion sharp physical changes which would produce a surface of dis¬ 
continuity. Besides, there appears to be no discontinuity beneath the 
Pacific. 

It seems best for the present to accept the viewpoint that the two 
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oonceptions cannot be completely reconciled, but neither isostasists 
nor seismologists should abandon hope of a more satisfactory future 
conclusion. 

TERRESTRIAL MAGNETISM AND THE EARTH 

Although terrestrial magnetism is to serve as a bridge from the 
earth to the atmosphere and to the sun, it is largely of the earth. The 



Fig 7 —Section of earth’s crust near Japan 

surface magnetic field resembles approximately that of a weakly but 
permanently magnetized sphere of the same size as the earth, but it 
is not BO simple. Bauer has shown that about 94 percent of the earth’s 
surface field originates within the earth. If the meaning of this were 
fully understood magnetism might become a competitor with seis¬ 
mology in giving facts about the earth’s interior. 
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Since the magnetism is not uniformly distributed and since part 
of it comes from outside the earth, it is fortunate that the more or 
less rapid changes which add to the complexity also contribute to the 
solution of some of the problems. 

The part of the earth’s surface field that is not from within the 
earth is duo to varying and also possibly to constant stationary cur¬ 
rent systems in the earth’s atmosphere, and it is a source of informa¬ 
tion in regard to the atmosphere and the sun. The varying electrical 
currents flowing in the atmosphere induce currents within the earth 
and therefore contribute to the observed surface field of internal ori¬ 
gin. If this part is removed from the surface field of internal origin, 
the remainder is called the earth’s main field; its surface values are 
given with all the accuracy needed for most purposes by the magnetic 
maps used by navigators and surveyors. Its cause is unknown at pres¬ 
ent and constitutes one of the greatest of the unsolved problems of 
physics. 

The continuous recording at magnetic observatories supplemented 
by measurements at selected points at 5- to lO-year intervals gives 
a continuous picture of the earth’s surface magnetic field in its en¬ 
tirety. The observatories arc badly distributed, with overconcentra¬ 
tion in Europe and sparsity in other parts of the earth, especially in 
the Southern Hemisphere and the polar regions. The five observa¬ 
tories of the Coast Survey and two of the Carnegie Institution are in 
regions of few observatories. In the case of the polar regions, a tem¬ 
porary network of observatories was operated during the so-called 
Polar Years of 1882-83 and 1932-33, and chiefly in the north polar 
region. 

This uneven distribution of observatories has placed a heavy bur¬ 
den on the repeat work of the magnetic survey. Various governments 
including that of the United States have done their share, but since 
1905 the magnetic survey of land areas not so taken care of and of 
ocean areas has been carried on by the Carnegie Institution. Since 
the loss of its no nmag netic ship Carnegie in 1929, the ocean siuvey 
has stopped, but it is expected to be resumed when the British Gov¬ 
ernment’s nonmagnetic ship Research takes up the ocean work. This 
is especially important since any serious lack of continuity not only 
detracts from present knowledge but destroys some of the value of 
observations made in the past at great cost. The United States should 
have a small nonmagnetic ship to work in waters adjacent to its 
coasts. 
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Main Field and Secular Variation 

The main field and secular variation have been studied by an ap¬ 
plication of the method of spherical harmonic analyns due to Gauss 
and developed by others. A uniformly magnetised sphere of the same 
sise as the earth gives a good first approximation. Its north pole 



Fig. 8.—Carth poles and auroral belt. 


known aa the geomagnetic north pole is near Smiths Sound, Green¬ 
land, about 12** from the geographic north pole (Fig. 8). This is dif¬ 
ferent from the north pole of 90** dip or north magnetic pole, located 
on Boothia Peninsula, north Canada. The field, at points in space, is 
that of a short magnet or dipole near the center of the earth, and it 
varies inversely as the cube of the distance from that point. This is 
the regular part, and the more irregular complicated part varies more 
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rapidly with distance and is negligible at a few hundred miles above 
the earth. At the surface of the ground the contribution of the irregu¬ 
lar portion may be very large and is an important factor in the trac¬ 
ing of isomagnetic lines, which even in slightly disturbed areas can 
be drawn only approximately if the survey is not in great detail. In 
general, there is merely a distortion of the isomagnetic lines (Fig. 9), 
but in some cases there may be a local magnetic pole. In some places 
interpretation gives the approximate depth to the basement rock and 
other valuable geological information. 



Fig 0 —Area of disturbance in magnetic declination. 

Closely allied with the problem of the origin of the main field is 
that of its secular variation or change with time. Measured data 
giving its characteristics are as yet scanty, since its more noteworthy 
changes with time are slow and completed only throughout the course 
of centuries. Our records are most complete for the magnetic declina¬ 
tion or the departure of the compass direction from the true north. 
In declination, a complete cycle is defined as a return to the original 
position after excursions to extreme positions on either side. The dura¬ 
tion of a cycle is, according to data available for western Europe and 
for the eastern United States, of the order from 300 to 500 years or 
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more. It would be more desirable to deal with the values of total 
magnetic force, thus using both intensity and direction of the field; 
this is possible for a period of less than 100 years, and over a much 
shorter period of time for the earth as a whole. 

As in seismology the difficulty is in the present impossibility of di¬ 
rect observation of physical conditions deep within the earth. If the 
regular part of the earth’s magnetism is ascribed to uniform magnet¬ 
ization throughout its volume, the required intensity of magnetiza¬ 
tion is much greater than that of the surface layers. Reasons have 
been given for supposing that the earth’s temperature increases pro¬ 
gressively with depth. Since iron loses its magnetism at about 800° G 
(Curie point), it appears improbable that ferro-magnetic materials 
are magnetic at any but moderate depths. The experiments of Adams 
and Green with pressure up to several thousand atmospheres did not 
indicate any important change of the Curie point with increasing 
pressure. However, laboratory conditions cannot approximate the 
unknown conditions at considerable depths. The possibility that the 
magnetism of the subatomic structure might afford a possible expla¬ 
nation of the earth’s magnetism has led to extensive experiments by 
the Carnegie Institution. 

Other efforts have been made to obtain a knowledge of the secular 
variation over much longer intervals in the earth’s history, through 
the study of igneous and sedimentary rocks. ’The method of deter¬ 
mining the direction of the magnetism in lava on the assumption that 
it took the direction of the earth’s field while cooling involves many 
uncertainties. The method is more successful when applied to sedi¬ 
mentary deposits. Sediments are formed usually by small particles 
dropping through the water of oceans and lakes, and if these are mag¬ 
netic and not influenced too greatly by currents, they will tend to 
align themselves in the direction fixed by the earth’s field at the time. 
Piggott’s cores of the ocean bottom and carefully selected lake varves 
have given McNish and Johnson, of the Carnegie Institution, an 
opportunity to investigate this possibility. The preliminary results 
indicate that the method has great possibilities, especially since in 
the case of lake varves the time can be identified over many thousand 
years. 

The continuous record of secular change at the observatories of the 
Coast Survey (Fig. 10) show fluctuations from year to year which are 
real. These fluctuations would undoubtedly be useful in determining 
the nature of secular change if they could be correlated with other 
phenomena. 
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Fig. 10.—Secular vanation at United Statea observatories. 

Isopora 

Fifik, of the Carnegie Institution, was the first to plot isopors (lines 
of equal annual change) for the earth as a whole and to prepare world 
maps. He did this for all elements for the year 1925, the isopors being 
necessarily approximate because of limited data. He found a consider¬ 
able number of isoporic foci or regions of maximum change. Later 
observations were made in South Africa, and the change in the posi¬ 
tion of the foci between 1027 and 1937 is shown (Fig. 11). In 1936 
1927 1937 



Fig. 11.—Isoporic focus in declination at South Africa. 
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Heck plotted the results of the Coast Survey and cooperators in the 
United States for a period of 155 years in declination and of 80 years 
in horizontal intensity. He found some indications of the movements 
of minor foci and also of the major foci outside the region* 

It is evident that the greater part of the secular variation is local 
and not world-wide. Furthermore, centers of maximum change are 
permanent neither in position nor amount, and they may even disap¬ 
pear. Isopors of the different elements may change at different rates. 
If total-intensity isopors were drawn in intensity and direction, the 
maps would present a different picture, but the relation of isoporic 
foci to continents and oceans would not be changed. The important 
foci are found in the land or the Atlantic and Indian Oceans, and 
those in the Paclhc are moderate. 

The cause of secular variation is as yet imexplained. The indication 
is that marked changes of some kind are going on within the earth, 
but the nature of these changes is still a matter for speculation. 

TBRBEBTBIAL MAONETISlf AND THE ATMOBPHXBB 

We next consider the relations between terrestrial magnetism and 
the atmosphere. Even though there are extensive data, many of these 
relationships are complek and difficult to understand. The inter¬ 
related elements of the problem include: the atmosphere with its 
varying complex conditions; radio transmission and the ionosphere; 
current-systems in the upper atmosphere; aurora; magnetic storms 
of normal or bay form; pulsations; disturbances associated with radio 
fade-out; cosmic rays; and many of these are closely related and af¬ 
fected in an important way by radiations from the sim. 

Solar Diurnal Variation 

We must first consider the relation of the solar or quiet-day diurnal 
variation of the earth’s magnetism to the atmosphere. The most 
fruitful results bearing on the problem have been secured through 
the study of this quiet-day diurnal variation. On such days the earth’s 
varying field shows only relatively small and simple changes. In the 
Northern Hemisphere its effect can be most simply described as caus¬ 
ing the compass needle to follow the sun, pointing a maximum east 
of magnetic north in the early morning, reaching a mean-of-day 
value between 10 and 11 A.Bf., and pointing a maximum west of north 
from 1 to 2 p.u., and then returning to a mean-of-day value during 
the night. 

The diurnal variation changes with locality (Fig. 12), and Chapman 
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has found from magnetic observatory data that, whatever the cause, 
a simple current-system (Fig. 13) will account for the tneRn daily 
variation and its geographical distribution over the earth. The sys¬ 
tem remains fixed with regard to the line earth-sun, and the earth 
rotates beneath it. In both Northern and Southern Hemispheres there 
are two sunlit cmrent circulations and two considerably weaker cir¬ 
culations mainly in darkness. A total of 10,000 amperes flows between 
successive current lines. This current-system corresponds to the an- 
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Fig. 12.—Dally variatioa of torrestrial magnetic elements at equinox The incb- 

netio latitude (After Ani 


nual average of the quiet-day diurnal variation; it therefore only 
approximately represents conations on individual days. 

The probable height and cause of this ciurcnt-system cannot be 
uniquely inferred solely from considerations of terrestrial magnetism. 
However, further nonmagnetic considerations such as the existence 
of the ionosphere and ultraviolet radiation from the sim may afford 
a solution. The ionosphere is an electrically conducting portion of 
the upper atmosphere with regions of maximum ionisation at approxi¬ 
mately 110 km, 200 km, and 300 km above the earth and known as 
the £, Fi, and Ft regions (Fig. 4). These serve to reflect radio waves 
and presumably to conduct electrical currents responsible for the 
variations of terrestrial magnetism. Such ionisation is due, at least 
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in part, to solar radiatioxis in the far ultraviolet which fail to pene¬ 
trate to the earth’s surface. 

A ciurent-system flowing in the earth’s atmosphere is likely do so 
in one of the known ionized regions. A dynamo theory was first sug¬ 
gested by Balfour Stewart and later developed quantitatively by 
Schuster and Chapman. According to this theory the electric cur¬ 
rents are generated by the horizontal motion of ionized air across the 
lines of force of the earth’s permanent magnetic field. The horizontal 
component of this motion is produced by atmospheric oscillations 
due to thermal expansion and tidal effects reinforced in part by reso- 



Fig. 13.—Atmospherio Bystenu of electnc ourrents which could produce the Boler 
daily magnetic variation (After Chapman.) 


nance. Other theories advanced include the drift current theory of 
Chapman and the diamagnetic theory of Gunn, operative in the long 
free path region*of the ionosphere. Since the electrical conductivity 
of the atmosphere as given by the quiet-day diurnal variation is 
much greater than that given by radio echo observations, Appleton 
believes that conditions are such that the radio reflections do not 
measure all the ionization. 

The solar-flare disturbance, the only definite nuinifestation of a 
connection between magnetic changes on the earth and visible mani¬ 
festations on the sun, gives direct indication of the location of the 
current-system producing solar diurnal variation. Observations and 
studies have been made at the National Bureau of Standards and the 
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Carnegie Institution. At Huancayo all phenomena, solar flare, radio 
fade-out, and magnetic disturbance, were observed simultaneously on 
one occasion, giving proof if any were needed that the phenomena 
are simultaneous. The most striking feature is the radio fade-out, 
which may last from 15 minutes to 1 hour. It is established that the 
solar flare is accompanied by an increase of ultraviolet ray emission 
by the sun, causing increased ionisation just below the E layer of the 
ionosphere. McNish showed that the chief efiTect is a marked increase 
in the intensity of the current-system responsible for the quiet-day 
diurnal variation. This favors the view that the current-system is 
caused by dynamo action and flows below or at the base of the E 
region of the atmosphere. 

Lunar Diumcd Variation 

The lunar diurnal variation is associated with the motion of the 
moon about the earth. It shows some similarities in general type to 
the solar variation, but differs in an important respect since it depends 
on lunar time. Only the dynamo theory is applicable to the lunar 
diurnal variation. Its amplitude is only one-fifteenth of the solar 
diurnal variation, although the tidal effect of the moon is twice as 
great as that of the sun. The explanation is that while the tidal 
action of the moon is the primary cause of lunar diurnal variation, 
the moon has no effect in producing ionization. As in the case of the 
quiet-day solar diurnal variation, the electric current system respon¬ 
sible is external to the earth, and likewise gives rise to induced cur¬ 
rents flowing within the earth. Its changes with magnetic activity, 
more marked than in the case of the solar diurnal variation, suggest 
that its current-system flows at another level in the atmosphere and 
possibly in the F region. 


MAGNETIC STORMS 

Magnetic storms (Fig. 14) are the most striking of all geomagnetic 
phenomena. These are characterized by large and complex changes 
in the field occurring on a world-wide basis. They are usually most 
marked in polar regions and are accompanied by unusual auroral 
displays, extending to somewhat lower levels than normal, and by 
earth-current disturbances. Associated with them are also marked 
ionospheric changes giving rise to widespread interruption of electri¬ 
cal communications. A singularly remarkable feature of the time 
variations of the storm field is that these are at times closely paral¬ 
leled by variations in cosmic-ray intensity in low latitudes. 
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Aurora 

The close relation between the aurora and the noagnetio storm is 
held to be due to the fact that the former is the visible manifestation 
of streams of particles arriving from the sun and likewise causing 
the storm. The electrically charged particles are required by physical 
laws to spiral around the lines of force of the earth’s magnetic field. 
The particles ionize the molecules by knocking out a negative electron 
and energizing the atoms so that they produce the visible radiation 



Fig. 14.—Maga«tio storm. 


seen in aurora. The usual penetration is to within about 110 km 
above the earth’s surface, although this penetration varies with the 
type of the aurora. The observed upper limit is about 1,000 km in 
height. The most commonly observed forms of aurora are the homo¬ 
geneous quiet arcs and the moving curtains or streamers, the latter 
types often with considerable coloration being especially related to 
magnetic disturbances. 

Closed curves of equal auroral frequency, known as isochasms, 
drawn on maps of the polar regions show symmetry relative to the 
geomagnetic poles. The narrow belts forming the auroral lones, 
where aurora occur most frequently and with highest intensity, are 
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about 23° of latitude distant from the poles (Fig. 8). In this region 
also the magnetic changes of storms are particularly intense and 
highly differentiated locally. 

Analysis of Storm Fidd 

Chapman and others have shown that the surface field of storms 
may be analysed into three main parts: (1) a part proeeeding accord¬ 
ing to time measured from the commencement of storm, and known 
as the storm-time variation; (2) a diurnal variation additional to that 
also present on quiet days, but much greater in intensity and mark- 




Fig. 16—Quiet and disturbance daily variation in “H." 

edly different in type, and known as the disturbance diurnal variation 
(Fig. 15); and (3) an irregular part, most marked in the polar regions, 
depending on latitude and in its average features on local time. 

A large number of records of storms from many observatories have 
been analyzed. In low and middle latitudes the storm-time part of 
horizontal intensity (Fig. 16) rises to a maximum within 1 or 2 hours 
of the start, then there is a decrease to a value considerably below 
normal, the minimum being reached in 12 to 30 hours after the start. 
This is followed by gradual recovery till the normal value is reached. 
The greater the storm, the more rapid is the development of the 
phases. 

Large storms often have sudden oommencements, possibly coinci¬ 
dent in time within a few seconds over the entire earth, though the 
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simultaneity has not been proved because of small time scales and 
imcertain time control. 

The geographical distribution of the storm field is somewhat com¬ 
plicated, and it can best be treated by considering the several parts 
separately. The main characteristic of that part accounting for the 
storm-time portion is that the electric current flows east-west with 
greatest intensity near the auroral zone and at the equator. Fig. 17 
gives part of the system according to Vestine and Chapman. For the 
part of the storm depending on local time the currents are very intense 
in the polar region. In fact, during a great magnetic storm the electric 



Fig. 16 —Storm-tune magnetid ^turbanee ohangee in different latitudee. 


currents flowing along the auroral zone may attain the intensity of 
about 1,000,000 amperes. It is probable that the height of the current 
systems is such that they are within the F layer. 

However, a suggestion not warranted by the magnetic data alone 
and of doubtful probability seeks to account for the storm-time por¬ 
tion in middle and lower latitudes by a great equatorial ring current 
at a distance of several earth radii. 

The current-systems indicated are undoubtedly too simple, and 
they have mark^ changes with time, but they provide a means of 
representation of the principal magnetic changes in the field during 
a magnetic storm. Intensive study of the changes in the storm field, 
and especially of the complete data on magnetic and other phenomena 
accumulated during the Second Polar Year, gives promise of impor¬ 
tant advances in the knowledge of the position and native of the cur- 
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rents and of the origin of magnetic storms. The theory of mA g tie tie 
storms is in a state of flux at the present time, and no completely 
successful theory has been proposed, though both corpuscular and 
ultraviolet theories have been advanced. According to Chapman and 
Ferraro a magnetic storm is caused by a neutral stream of charged 
particles which tend to separate in the earth’s field, giving rise to 
the aurora and magnetic storms. The needed current-systems, in¬ 
cluding the intense currents observed in the auroral zone, may be 
provided in this way. 

Special Forms of Magnetic Disturbance 

Magnetic disturbances more moderate in intensity than those of 
storms frequently occur. Solar flares and associated ntagnetic effects 



Fig. 17.—Part of ourrent^yatem aocountins for mMnetio Btornu. (Courtesy Journ. 

Terr. Mega and Atmos £lectr) 

have been discussed. In polar regions of the earth especially there are 
often simple, large intensifications (or diminutions) of the earth’s 
field known as bays and lasting from 1 to 5 hours. These tend to occur 
on a world-wide scale and are more marked near the auroral sone. 
They may be regarded as due to some distorted and less intense form 
of the electric current-system of magnetic storms. 

The earth’s field also imdergoes at rare intervals highly regular 
periodic changes known as pulsations. Micropulsations having periods 
of the order of seconds sometimes occur. These seldom extend over 
areas of greater extent than a few thousand square kilometers. An¬ 
other interesting type is the giant pulsation having extremely regular 
sinusoidal variations with time of period of a few minutes. The causes 
of these pulsations are not known. 
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TBBBSSTHIAL MAGNBTIBM AND THU BUN 

The average amount of magnetic disturbance is closely correlated 
with the average physical states of the sun associated with mean 
sun-spot numbers. The variation in the annual average of the amount 
of the magnetic disturbance on the earth is almost directly propor¬ 
tional to the variation in the mean sun-spot numbers taken for the 
corresponding year. The connection between individual magnetic 
storms on the earth and isolated or large sun-spots on the sun is some¬ 
what indefinite, but it appears to be greater in the case of notable 
magnetic storms than in the case of moderate magnetic storms. Thus, 
magnetic storms tend to occur more frequently in years when there 
are many large sun-spots than in years when there are few. 

At the beginning of a sun-spot cycle the sun’s surface is free from 
sun-spots; then a few appear in the middle latitudes on both sides of 
the sun’s equator. There is a steady increase in the number; the spots 
appear nearer the equator and finally disappear at the lowest attained 
latitudes. Record of the number of sun-spots has been maintained 
for many years at Zurich, Switserland, where the final Wolfer num¬ 
bers are prepared on the basis of reports from a world net of astronom¬ 
ical observatories. 

The sun-spot cycle has ranged in the past from 8 to 17 years be¬ 
tween maxima. From 1645 to 1715 the scanty records available indi¬ 
cate that there was a long quiet period, which appears to be reflected 
also in the tree-ring observations, according to Douglass, of the Uni¬ 
versity of Arisona. Though this has been attributed to the interfer¬ 
ence of two periods of similar amplitude and different length, no 
periods have been found through analysis which would serve as a 
basis for accurate prediction. From 1878 to 1932 the average length 
of the cycle was 11.2 years with 4.6 years from minimum to maximum 
and 6.6 from maximum to Tninimnm. There is great variation from 
cycle to cycle. 

Most sun-spots occur in latitudes of the sun which have a mean 
rotation period of 27.3 days, and therefore a continuing disturbance 
on the sun’s surface has approxinoately the same relation to the earth 
at this interval. 

The natural inference is that if a corpuscular emission from the 
sun occurs it does so in the form of a stream or jet of electrified par¬ 
ticles, this being inferred from the effect of the earth’s magnetic field 
on the stream. Magnetic observations indicate that the jet is not 
necessarily normal to the sun’s surface, since a storm has been ob¬ 
served two days before a spot reached the central meridian. The aver- 
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age arrivd is 26 hours after the meridian passage of the spot, corre¬ 
sponding to a speed of 1,100 miles per second. There is a wide range 
in the time of arrival of the storm after the central meridian passage 
of the spot. This could be due to differences in the directions of jets 
on leaving the sun, and to the possibility that the place of emission 
from the sun is unknown. 

Bauer, years ago, pointed out as a result of his analyses that sun¬ 
spot activity is not a whole measure of solar activity and that the 
photographic magnetic storm data and variations may intrinsically 
afford a better measure of solar activity. Bartels has expressed the 
view that there exist on the sun certain restricted regions, usually 
but not necessarily in the vicinity of sun-spots, the life of which is 
usually longer than that of the sun-spots but ordinarily not more 
than one year. These regions may emit corpuscular streams which 
cannot be detected by visual, photographic, or spectroheliographic 
means. 

This conception of solar conditions helps to explain the numerous 
exceptions to normal occurrence, since sun-spots can occur without 
a magnetic disturbance and disturbances can occur on the earth 
without a sun-spot being visible. In the former case it is quite possible 
that a jet goes out but misses the earth. Sudden commencements 
indicate that the jets have sharply defined boundaries. 

Accordingly it may bo possible that certain solar problems may 
find solution through terrestrial magnetism. It may also be that ef¬ 
fects of solar disturbance on magnetism and on the ionisation of the 
ionosphere may together form an improved measure of solar activity. 

RBBu Ans 

We have then the broad pictxire of an earth and an atmosphere in 
which the concentric shell is an outstanding feature (Fig. 4). Seis¬ 
mology shows us that the earth consists primarily of a core, a mantle, 
and a crust. The mantle is perhaps subdivided into several layers, 
but the surfaces of discontinuity between them are not yet fully de¬ 
fined. The most likely are on the order of 400 and 1,000 km below the 
surface. 

The crust is a fairly definite conception, but its thickness depends 
to some extent on definition and on the geophysical method used in 
determining it. From seismology there appear to be several layers 
under the continents—layers much less in thickness under the At¬ 
lantic and Indian Oceans and nonexistent under the Pacific Ocean. 
Their depths from isostatic considerations have been discussed. 
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At least 94 percent of the earth’s total surface-field magnetism is 
of internal origin. An accurate knowledge of this field is of great 
practical as well as theoretical value. The main field undergoes a 
secular variation. There are also periodic and aperiodic variations in 
the field appearing in superimposed form. These are caused by eleotrio 
currents flowing above the ground and give rise to induced currents 
flowing within the earth. The space distributions of these currents 
cannot be inferred from magnetic measurements at the earth’s sur¬ 
face, but additional nonmagnetic considerations result in determining 
them with a fair degree of probability. From these variations we 
deduce information about the earth’s interior, the atmosphere, and 
the sun not forthcoming in any other way. 

It is generally accepted that far ultraviolet light is the cause of the 
ionization which is responsible for diurnal variation, but that mag¬ 
netic storms are probably associated with slower-traveling emana¬ 
tions from the sun. These are associated with sun-spots, but so indi¬ 
rectly that they appear to rise from disturbed areas on the sun which 
may or may not have sun-spots. 

These are some of the things that have been accomplished, and all 
those who have taken part can feel pride in their share of the accom¬ 
plishment. On the other hand, scarcely a start has been made on some 
of the principal problems. Explanations have not been reached for 
the magnetic field and its secular change or for the cause of magnetic 
storms. The immediate cause of deep focus earthquakes is not known, 
and the ultimate cause of all earthquakes is yet to be discovered, as 
well as many of the facts about the interior of the earth. 

One of the needs is for data at many places, but new observatories 
should not be added until the interpretation of their records is pro¬ 
vided for. One of the great problems in the world-wide studies is to 
obtain the needed observational data and yet not to do it in such a 
way as to restrict the interpretation of the results. 

There is, therefore, ample challenge in both fields, and the com¬ 
plexity of the problems need not become a bar to progress if the ad¬ 
vance is made on a sufficiently broad front and is maintained. 
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CHEMISTRY.— The deatruciion of hydrocyanic acid by prunaae and 
the influence of augara on the reaction.^ Jaaihb F. Couch and 
Rbinhold R. Bribse, U. S. Bureau of Animal Industry. 

In the course of investigations being conducted in this laboratory 
on cyanogenesis in plants, it has become evident that the cyanoge- 
netic enzyme is one of the factors that cause loss of freed HCN. In 
1889 Tammann* observed that, when dilute solutions of HCN were 
treated with emulsin, 5 to 50 percent of the HCN is no longer de¬ 
tectable after 24 hoiirs. This observation seems to have been generally 
forgotten. It may, however, explain the fact reported by Auld* that 
when amygdalin and emulsin react the resulting solution contains less 
HCN than is equivalent to the dextrose formed during the reaction. 
In the analysis of cyanogenetic plants such a loss of HCN may be 
very serious, especially if the HCN content of the plant be small and 
the enzyme very active. 



Fig. 1.—Graph of hydrooyamc-acld destruction in water and prunaae solutions 

To obtain some quantitative data on this phenomenon a series of 
experiments was performed. Three liters of a water solution of HCN 
adjusted to contain 400 mg per liter were prepared. Four 750 k:o 
portions were measured into 1-liter pyrex flasks. One portion was 
kept as a control. To the second portion was added 10 g of a crude 

^ Reoslyed Febninry 21, 1930. 

* ZeiUohr. physlk. Chem. 3: 2&-37. 1880. 

• Joum Chem. Soc. T. 93: 1278-1281. 1008. 
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prunase preparation obtained from Prunua ser(Uina. The preparation 
was made by extracting the cyanogenetic glucoside from fresh leaves 
with alcohol and drying the residue at room temperature. The pow¬ 
dered marc so obtained exhibited a strong activity toward crude 
prunasin. It gave 4.8 mg per 100 g HGN on analysis. The experi¬ 
mental results were corrected for the enzyme HCN. 

Since there is some evidence that carbohydrates affect the rate of 
cyanogenesis in plants, a third portion was treated with 10 g of the 
enzyme preparation and 5 g of pure dextrose was added. A fourth 
portion was treated with 5 g of sucrose in addition to 10 g of the en¬ 
zyme preparation. The four mixtures were stored in a dark place at 
25° ± 0.5° and 25-cc portions were withdrawn at intervals for analysis. 
The mixtures were well shaken several times a day. The results are 
plotted in Fig. 1. No attempt was made to adjust the mixtures to an 
optimum pH to avoid complication by possibly interfering sub¬ 
stances. After 65 days the HCN content of the several lots was: 1, 
151; 2, 129; 3, 155; and 4, 196 mg/liter. The curves show that in the 
presence of prunase HCN disappears more rapidly than in dilute 
water solution. Dextrose had little effect during the first third of the 
experiment but neutralized the effect of the prunase to a large extent 
thereafter. For the first fourth of the experiment sucrose likewise 
appeared to exert little effect. Then the rate of loss of HCN began to 
diminish and after the twenty-seventh day the sucrose mixture 
always contained more HCN than any of the other three. 

Although the order of the reaction is not settled, it is of interest to 
calculate the reaction coefficient. In the absence of definite informa¬ 
tion to the contrary the monomolecular reaction constant was de¬ 
termined for each series and for the entire period of 65 days. These 
are stated in the last colunm of Table 1-. The figures indicate the ac¬ 
celeration of the decomposition by prunase, the retardation by sucrose, 
and a negligible net effect of dextrose. 

Tablb 1 —Dbstbuction or Htdbogtanic Acid Watbr and Pbunabb Solutionb 


Solution 

pH at end 

HCN lost 

k 

Control 

3 16 

Psreent 

62.3 

462X10-* 

Encyme 

4.10 

67.7 

538 

Enijrmo pluB dextroM 

3.80 

01.3 

445 

Eniymo plus sucrose 

3.83 

31.0 

830 


It was thought that the retarding action of sucrose beginning only 
some 17 days after the start of the experiment might be due to in¬ 
version of the sucrose known to take place in aqueous solutions and 
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that the levulose as formed was actually the retarding compound. 
To test this hi^pothesis imder a^ual plant conditions, dextrose, su¬ 
crose, and levulose were added to mixtures of ground fresh cyano- 
genetio plants with water and. mercuric chloride as a preservative,* 
which were allowed to macerate for various times at 25°. At the end 
of four weeks to six months the stored mixtures were analyzed for 
HCN and compared with a control sample to which sugars had not 
been added. The latter, however, contained small amounts of their 
natural carbohydrates, dextrose in Prunus aerotina and both dextrose 
and sucrose in the sorghums. The results appear in Table 2. There 

Tabud 2 —EmcT or Sugab Addbd to Ctanoobnbtio Plant Mixturbb 


Date 

Plant 

Weight 

plant 

Weight 

of 

8U|ar 

HgCli 


HCN recovered after 
adding— 

Dex¬ 

trose 

Su¬ 

crose 

Levu- 

loae 

Con¬ 

trol 

1938 


9 

9 

Per 

Weeks 

mg/ 

mg/ 

mg/ 

mg/ 





cent 


100 

100 

100 g^ 

100 

May 22 

Prunufl aerotina 

26 

6 

2 

26 

101 

100 


102 

May 22 

Prunus aerotina 

26 

5 

2 

4 

08 

94 


09 

June 28 

Prunus serotina 

26 

5 

2 

4 


120 


120 

July 18 

Sorghum vulgare 










var hegari 

60 

2 6 

2 

8 

38 

38 

40 

39 

July 26 

Sorghum yulgare 










var. hegari 

60 

2.6 

2 

8 



36 

37 

July 27 

Sorghum vulure 










var. Sharon kafir 

60 

6 

2 

8 



14 

14 

July 28 

Sorghum vulgare 










var. began 

60 

6 

2 

8 



28 

28 

Aug 22 

Sorghum vulgare 










var. hegari 

60 

5 

3 

4 

30 

33 

36 

^4 


^ mg per 100 g of plant 

are no very significant differences between the figures for the various 
sugars and the controls. Levulose appeared to yield slightly higher 
results than dextrose or sucrose but did not differ significantly from 
the controls. The differences observed between these experiments and 
those reported in Table 1 may be ascribed to the presence of mercuric 
chloride which combines with the HCN liberated by enzymolyais of 
the glucoside and indicate that any direct action that carbohydrates 
may exert in cyanogenetic mixtures is on the freed HCN rather than 
on the enzymolysis. In the absence of a preservative like mercuric 
chloride, prunase is capable' of accelerating the decomposition of 
HCN in water solution. Dextrose and sucrose neutralize this action 
but only after some time has elapsed. 

* BiieMh R. R., and Couch, J. F. Joura. Agr. Rm. 57: 81-107. 1988. 
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BOTANY .—New species of Taphrina on red maple and on silver 
maple} Anna E. Jenkins, U. S. Bureau of Haiit Industry. 

As a result of an investigation of two species of Taphrina occurring 
on North American maples, one on Acer ruhrum L. and the other on 
A. aaccharinum L., the taxonomic history of these two fungi may now 
be assembled. 


THE SPECIES OF TAPHRINA ON RED MAPLE 

The species of Taphrina on red maple is considered to be new and is 
named in honor of Prof. John Dearness, whose collections of the 
fungus in Ontario, Canada (1890-98), are basic to the study. The 
several specimens gathered in 1898 indicate that the fungus was 
abundant and destructive in that year (Fig. 1, A and B). His earliest 
specimen (Dearness 1730), of June 1890, is represented by Ellis and 
Everhart’s Fungi Columbiani 1272 and by North American Fungi 
2596, second series. In the order named, these exemplify the two 
separate descriptions of Ramularia lethalia E. & E. (2, 3), as Dearness 
has explained in letters to the writer. The printed label for North 
American Fungi 2596, however, bears the date October 1890. Finding 
the asoi in good condition on this specimen bearing an autumn date, 
the writer brought this to the attention of Dearness; he stated that 
“October” was erroneous; for the entire gathering was definitely 
made in June. The Taphrina on this material has not hitherto been 
identified, and the Ramulana is regarded as an associated and pre¬ 
sumably distinct species, such as the undetermined imperfect that 
has been observed by the writer on other specimens of this Taphrina. 

Through the kindness of Professor Bessey, it was possible to 
examine from the Herbarium of the Michigan State Agricultural 
College a similar specimen bearing the label: 

Ex herb. Agricultural Coll^, Mich. 

40 Qloeoeponum acena Cooke 
On Acer rubrum 
N. of College 1800 

The name “Gloeoaporium aceria Cooke” (1) is here in the handwriting 

* This account is part of a paper read December 30,1988. before the Joint Seaalon 
of the Myeologloal Bnolety of America and the American Pnytopathologieal Society 
at the 103d meeting of the A A A S.,lUchmond, Vs. During July and August 1038, the 
writer waa a guest worker at the Department of Botany, University of Wisconsin, 
and studied many of the specimens herein discussed. Grateful appreciation is expressed 
to the cwrman of this department. Prof EL M. Gilbert, for privilegea and oourteaiee 
extended; to Drs H D, House, D, H, Linder, I. E!. Melnus, and fTj Beaver for peN 
miuion to study material in their charge; and to Profs. E. A. Bessey, G. W. Carver, 
1 E B Mains, H. M. Fitspatriok, and othen for oorrespondence, contribu¬ 

tion of specimens, and access to certain other specimens. Reoelvea February 24,1089. 
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of Beal, according to Bessey. On the large discolorations of the leaves 
of this species the writer found a species of Taphrina identical with 
that which Dearness collected in Ontario the same year. 

Other early gatherings of this species of Taphrina also available are 
as follows: Alabama, Notasulga and Tuskegee, Apr. 20, 1807, G. W. 
Carver 154; Michigan, near Lansing, June 2, 1807, C. F. Wheeler; 
North Carolina, May 1001, comm. F. Sherman, Jr. Under his generic 
determination of “Exoaacusf" Carver sent part of the first specimen 
just cited to Ellis, who labeled it doubtfully Gloeosporium decolorans 
E. & E., a species previously described (4) on red-maple leaves from 
Ontario collected by Dearness. The Wheeler specimen from Michigan, 
referred to immediately above, consists,of about 25 well-preserved 
leaves on which the dark discolorations, often along the main veins, 
contrast strongly with the remaining green areas (Fig. 1, C). This 
specimen, heretofore unidentified, has remained practically lost, the 
only available label being what is evidently Wheeler’s field label, 
giving only locality (’’Woods S. of C. and G. T. R. R.” >■ Southeast of 
Lansing), date, and his initials as collector (Fig. 2, A). The hand¬ 
writing on this label and also on that shown in Fig. 2, B, referred to 
later, has been verified by Prof. Bessey as almost certainly Wheeler’s, 
except for the initials on the second label, which he states are not 
written in the usual manner shown in Fig. 2, B. It is of particular 
interest that the third specimen mentioned above was sent by the 
North Carolina State Commission for Controlling Crop Pests to the 
U. S. Department of Agriculture for identification of the fungus 
causing a severe leaf disease (Fig. 1, D, E). The fungus was studied by 
Mrs. Flora W, Patterson as a possible species of Taphrina, although 
her records indicate that she foimd no asci. 

In 1923, the writer collected a fresh specimen of a destructive fun¬ 
gus on red-maple leaves at Walton, Delaware County, N. Y., and 
identified it as belonging to the genus Taphrina. Ihis specimen, 
together with that from North Carolina, was subsequently reported 
by the writer (6) as a new species of this genus, but without diagnosis 
or name. Later gatherings of the fungus in New York and Pennsyl¬ 
vania have been made (Fig. 3, A-G), and these will be cited following 
the technical description. 

In sise the asci of this species (Fig. 4, A) are much smaller than 
those of T. lelhiftra (Pk.) Sacc. on mountain maple (Acer epieatum 
Lam.) illustrated elsewhere (6, Fig. 2, A). As compared with the asci 
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Fig 1.— (S€€ opponU pag€ /or expIonoZion ) 
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Fig. 2.—A and B: Wheeler’a original labeb accompanying Bpeoimens of dueaAod 
red and ailveT (B) maple leavea he gathered on June 2, 1897. C In Beal's hand¬ 
writing, herbarium label for the silver-maple leaves; herbarium number 68545 (Myo. 
CoU. B P 1.) added by the present writer. D. Label for the leaves of this spe^men 
from the Carr Herbarium Photographs of original labels by Eugene Herrling. 

of T. Bocchari Jenkins (Fig. 4, C*), recently described (7) on sugar 
maple (A. Boecharum Marsh.) the asci of the red-maple species are 
generally the larger. The form of the asci of these three species may 
be compared in the illustrations cited. 

This species, designated as Taphrina deameasii, is described as 
follows: 

Taphiliia deamessU n. sp. 

Spots located anywhere on the leaf, although often marginal or scattered 
along the main veins and more or less delimited by them, sometimes causing 
a wnnklmg of young leaves, more or less ciroular or angular, of various sises, 
deciduous, discolorations sometimes covering entire area between main 
veins or involving practically entire leaf, on dry specimens often “bister" 
(9) to "blaokish brown"; at center sometimes “cinnamon" and somewhat 
translucent; affected samarae discolored entirely or in part; asci numerous, 
coveting dimlored areas on samarae or hypophyllous, raray epiphyllous, 

' la a prevloua artiole (8) a citation waa made to an unpubliahcd paper ('*A Sfmlea 
of Taphrina on Red Maide") containing an iUuatmtion (photomlerognph of asoi and 
aaooaMrea) of Ta^trina ioeehari. I n the preaent paper, containing part of the data in the 
unpubliahM article. Fig. 4, G ia adapted from the unpublished pnotomicrograph. 


Fig. 1.—A-B: Taphrina deamainTon aamame (A) and leaves of red maple (B-B) 
from A) London, Ontario, June 1898, J. DMmeM (E. and E. Fungi Columblanl 1848); 
(B) Meulllivray, May 81,1898, J. Deameas: (C) vioinlty of Lansing, Mioh., June 2, 
1897, G. F. Whedet: (D and B) North Carolina, 1901. F and Q; T. corMrt on silver- 
maple leaves from (F) Lansing, Mich., June ^ 1897, C. F. Wheeler, and from (O) 
Tuskegee, Ala., Apr 80, 1897, Q. W. Carver. B and D, lower leaf aurfaee, others 
M leu surface. All XI. Photographa by Eugene Hernlng (A and C) and M. L. F. 
Foubert (B and D-Q). 
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r 3.—Topfcnna dtarnmw on red-maple leayee from (A) La Porte, Pa., 1968, 
L O Overboil^ (B-F) WaltoiLN Y., June 16, 1929, A. E. Jenkins, tim; and (Oi 
Lewie Co, N Y., 1927, D. 8. Wdoh and C. H. Cunningham; A and 6, upper leaf 
8urf^ oU^ere lower surface. £, o, light or cinnamon odor of leaion. All X L Photo¬ 
graph by Eugene Herrling. 
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Fig 4 —A: Aaei of Taphrina dearnegtnt from type specimen, ropmented In Fig. 2, 
B-F B‘ Ahcub of T carven from type speoimen, represented in Fig 1, F. C; Asoi 
of T, scLcduun from specimens from Wisconsin, June 1W4, illustrated eTsewhere (8) 

cylindrical to slightly clavatCi at apex rounded or truncate 17-29/1 high by 
8~13/i wide, often 21 -29>i by IQ-ll/i, Bometimen sunken in the stalk cell as 
much as 3.5/i, containing 8 spores at first, stalk cell rounded, flattened or 
slightly pointra at base, rarely moderately lobed, resting on the epidermis, 
6“12;i high by 10-18/* wide; spores globose to elliptical, 2.8^.6Mby 3-3 5/i, 
budding in the ascus. 

Maculas droulas vel angulares cfficiens; asci hypophylli, raro epiphylli, 
cylindrici usque clavati 17-29/* X 8-13/* plerumque 21-29/1 X 10-11/*; 
cellulae basilares 6-12/* X 10-18/*; aubglobosa vel elliptica, sporidia 2 8-5 6/* 
X 2.8-3.5/*. 

Dtstrtbuiton and «pectmcn« examined .—On Acer ruhrum L., causing ''leaf 
blister of red maple.” 

Alabama: Notasulga (about 12 miles from Tuskegee) [NY and Wl» and 
Tuskegee [C-IS and W], Macon Co., Apr. 29, 1897, 5. W, Carver 154, 
Michigan: North of College, Lansing, Ingham Co., 1890 (Ex Herbarium 
Michigan State Agricultural College 49) [Mo]; southeast of Lansing, June2, 
1897, C. F. Wheeler [MS and W] (Fig. 1, C). 

Nuw Yobk: Walton (Mountain Home Farm), Delaware Co , Aug. 1, 
1923, A. En Jtnkine; July 10, 1924, F. A. Jenkine; July 20, 19^, A. E, 
JerMns; June 20,1926, E. J. Hooee; July 22,1027, and June 16, Type 69297 
[Wj* (Fig. 3, B-F), and June 17, 1920; Lewis Co., Fisher Tract, Number 4, 
June 21, 1927, D. S. Welch and O. H. Cunningham (Fig. 3, G); vicinity of 

* In this paper herbaria m which are filed specimens examined during this study are 
indicated as follows: 

G-IB Carver Collection, Herbarium of the Iowa State College, Ames, Iowa 
D Dearness Herbarium, London, Ontario. 

F Farlow Cryptogamio Herbarium, Harvard University, Cambndge, Mass. 

MS Herbarium of the Michigan State Agricultural CoUege, Lansing, Mich 
NY New York Botanical Garden. 

F Peck Herbarium, N. Y. State Museum, Albany. N. Y. 

TJW Herbarium of the University of Wisconsin, Madison, Wis. 

W M^^gioal OolleotionB of the U S. Bureau of Plant Industry, Washington, 

Where no symbol is given the specimen is in the Mycolo^oal Collections; the sym¬ 
bol ''W'* IS only employed when the speoimen cited auK> exists in another herbarium. 

* The specimens designated as types are ohoeen because they are thoroughly repre¬ 
sentative of the species, although neither was gathered by the person in whose honor 
It is named. 
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Ithaca, Tompkins Co., July 9, 1927, A. E. Jenkins; June 11, 1937, W. W. 
Ray 380 and 361: Oawegatchie, 8t. Lawrence Co., July 12, 1937, D. S. 
Welch and W. L. Whiie. 

North Carolina; May 1901, comm. F. Sherman, Jr. (Fig. 1, D and E). 
Ontario: June 1890, J. Dearness (Ellis and Everhart Fhingi Columbiani 
1272 [D‘ and NY] and North American Fungi 2596, second series [D* and 
W]; May ^ (about 8 miles west of London, Middlesex Co., and May 24, 
1898, J. Deameae, both specimens on samarae [D and Wj; June 1898, 
J. Deamesa (Ellis and Everhart Fungi Columbiani 1348, issued as Oloeo- 
aponum decolorana E. and E and containing samarae (Fig. 1, A) and leaves 
(Wj); McGillivray, Middlesex Co., May 31, 1808, J. Deamesa [D and W] 
(Fig 1, B). 

Pennsylvania. Shingleton, Centre Co., L 0. OoerhoUa 18149 and W. A. 
Campbell, La Porte, Sulbvan Co., June 14, 1935, L. 0. OverhoUs 18148 
(Fig. 2, A). 


THE BPEClUB OF TAPHRINA ON SILVER MAPLE 

A species of Taphnna on silver maple (Acer saccharinum) (often 
called white maple) was collected in Ontario, at Lucan, by DearncBS 
(Dearness 2144) on July 17, 1893. He sent a specimen to Prof. C. H. 
Peck, at Albany, N. Y., where it was first seen by the writer in 1931. 
Peck labeled the specimen **Gloeo8porium maculosum," but a descrip¬ 
tion wius never published. From the fact that Peck intended to de¬ 
scribe the fungus as a Gloeosponum it is clear that he did not realize 
that a species of Taphnna was concerned. 

Four years after Dearness collected this species in Canada on April 
30, 1897, Carver collected it on severely diseased leaves of silver 
maple at the Tuskegee Institute (Fig. 1, G). Having discovered the 
Taphrina, be sent a specimen (Carver 153) bearing his generic de¬ 
termination to Ellis, but there is no indication that Ellis ever studied 
it, and Carver has recently written that he finds no mention of it in 
Ellis’s correspondence with him. Dr. Carver has also written (Feb. 20, 
1939) that the young trees from which he collected this species of 
Taphrina were said to have been sent from a nursery in Iowa. 

On June 2,1897, Wheeler also made an ample collection of diseased 
leaves from a tree of silver maple growing on the campus of the 
College at IjOnsing, Mich. (Fig. 1, F). Unfortunately, until the pres¬ 
ent, this specimen has been labeled “Gloeosporium aceria Cooke?” 
The herbarium label is in the handwriting of Be^ (Fig. 2, B), although 
Wheeler’s original label, "On Acer daaycarpum, tree near Chem. 
Lab., C.F.W. 2-VI-97” (Fig. 2, C), is at hand. Years later, after 
studying this specimen, the writer (5) reported it as a new species of 
Taphrina, although without name or description. The specimen 

* Tbo upecimen in the Dearness Herbarium is here part of the original gathering 
retained by Dearness and not issued as a part of this exslocatum. 
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studied at that time was unfiled in the Myoological Collections of the 
Bureau of Plant Industry, but it was later learned that part of the 
gathering with the same label by Beal is also in the Herbarium of the 
Michigan State Agricultural College. During the summer of 1938 the 
writer found in the Herbariiun of the University of Wisconsin a 
packet containing a few diseased silver-maple leaves, which were 
subsequently traced as having come from the original gathering by 
Wheeler in the Mycological Collections. Although prepared on the 
basis of Beal’s label, the label on the packet at Wisconsin showed 
certain misinterpretations. For the "M.A.C.” of Beal’s label, signify¬ 
ing the “Michigan Agricultural College’’ at Lansing, was here sub¬ 
stituted for the actual collector as “M. A. Carleton,’’ and “Ann 
Arbor’’ was introduced as the place of collection. Nevertheless, upon 
finding this specimen labeled as illustrated, the writer was convinced 
from the first that it was part of Wheeler’s gathering. 

Since Carver appears to have been the first to observe the asci of 
this species of Taphrina (Fig. 4, B), it seems particularly fitting that 
it be named in his honor. It is therefore named T. carveri, and is 
described as follows: 


Taphrina carveri n. sp. 

Discolored areas on leaves sometimes somewhat wrinkled, scattered or 
occasionally confined to one part of the blade, conning of circular, elliptical 
or irregular spots up to 25 or more on a single leaf and up to 3 by 1 cm in 
diameter, or of more elongated areas situate between the main veins and 
reaching the leaf margins, on diy herbarium spedmens “sepia” above, 
“isabella color” and “light brownish olive” below, to “blackish brown” on 
both surfaces, sometimes upper surface covered with delicate bloom; 
asoi amphigenous, more commonly hypophyllous, usually cylindrical, at 
apex rounded or truncate, 23-36^ high by 7.8-10.8 m wide, often 28-30 m by 
9-15 ai, with spores (apparently 8 at first) and many budded conidia; stalk 
cell rounded, flattened or irregular, sometimes slightly pointed at base, 
occasionally moderately lobed, resting; on the epidermis, 4-16p high by 10- 
22iu wide; spores subglobosc or elliptical 4r-7ft in diameter; buddra conidia 
variable, spherical to oblon{|-clliptical, latter reaching 7 by 3/u. 

Maculas circulares, ellipticas vel irregulares, usque 3 cm diam. efficiens; 
asci amphigeni, saepius hypophylli, plerumque oylindrici. 28-35X7.8-16.8^; 
ccllulae basilares 4-15/uX10-22/i; sporae suhglobosae vd ellipticae, 4-7/1 in 
diam.; conidia variabilia, spherica usque oblongo-elliptica, usque 7X3/i. 

Distr^nUion and specimens examined .—On Acer saccharinum L., causing 
“leaf blister of silver maple.” 

Ontario ; Lucan, July 17,1893, J. Dearness 2144 [D, P, and W]. 

Alabama: Tuskogee. Macon Co., Apr. 30, 1897, 0. W. Carver 163 [F, 
C-IS, and W] (Fig. 1, G). 

Miohioan: Lansing, Ingham Co., June 2, 1897, C. F. Wheeler [MS, W, 
and UW], Type 68546 [WJ*. (Fig. 1, F). 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

BOTANICAL SOCIETY 
286 th MSETma 

The 286th regular meeting waa held in the aoRembly hall of the Cosmos 
Club, January 4, 1988, President G. F. Gravatt presiding; attendance 88. 
Albina F. Mubil, Harriet Cull, and C. Eugene IjARSBN were elected to 
membership 

Notes and Ketnews. —C. R. Ball called attention to a new book, Botanical 
studies of the Uinta Basin of Utah and Colorado, by Edward H. Graham, 
published in the Annals of the Carnegie Museum. 

Program —Reports of the papers presented at the meeting of the Ameri¬ 
can A^ociation for the Advancement of Science at Indianapolis, Ind., 
were given hy: A G. Johnson on pathology; E. E. Clayton on tobacco 
diseases; E. C. Johnston on physiology; Howard Johnson on forage crop 
diseases; Eubanks Carsner on entomology; George M. Darrow on small 
fruits diseases; J. B Demaree on fruit and vegetable diseases. 

2S7th meeting 

The 287th meeting was held in the assembly hall of the Cosmos Club, 
February 1,1938, President Gravatt presiding; attendance 125. Vernon T. 
Stoutmeyer, E A. Hollowell, H, C. Hyland, Richard P. White, and 
F. D. Fromms were elected to membership. 

Program. —F. D. Richey: Collecting com ornaments. 

A. C. Foster: The effect of environment on the metabolism and blossonv^nd 
rot disease in tomato. Extensive data were collected from 8 croM of toma¬ 
to^ grown under controlled greenhouse conditions involving differences in 
soil moisture, soil nutrition, air temperature, light duration, and the inter¬ 
relation and interaction of these component factors, any one of which may 
become a liniiting factor to normal plant growth, and metabolic and re¬ 
spiratory activity, and thereby interfere with the normal development of 
tomato fruit. 

The data suggest that the factors affecting the development of blossom- 
end rot are far more complex than is usually recognised: (1) Hi^ carbohy¬ 
drate plwts had the latest percent of the disease when nown under short 
day period; (2) high nitrogen plants were very susceptible to the disease 
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under long day conditions; (3) soil moisture at 70 percent of saturation was 
optimum for vegetative growth and also optimum for the disease; (4) super- 
phoephate bad a mark^ effect in reduong the incidence of the disease; 
(5) the rate of transpiration or water requirement apparently had no relation 
to the disease as it appeared under both extremes when other oonditions 
were favorable; (6) one component factor of the environmental complex 
may become a limiting factor to the normal activity of all others and pro¬ 
mote conditions favorable to causing the disease. 

288 th mbetinq 

The 288th regular meeting was held in the assembly hall of the Cosmos 
Club, March 1, 1038, President Gravatt presiding; attendance 110. C. W. 
Emuons was elected to membership. 

NoU 9 and Reviews ,— George Darrow called attention to the following 
articles: Pkystologtccd genetics, by Robert Goldsmith, Journal of Heredity, 
vol. 20, 1038; Physiolo^ curve of response by seeds, growing planls, cuUings 
and lower plant forms, by N. H. Grace, National Canadian Research Journal, 
Nov. 1937; Ancurin anaihe rooting of cuttings, by Went, Bonner and Warner, 
Science, Feb. 18, 1938. 

Program. —W, A. Archer: Plant exploration in Latin America. It was 
pointed out that the chief disadvantages of travel in tropical countries were 
the monotonous diet and the numerous insect pests, especially those that 
transmit infectious diseases. The more striking of the plant finds were some 
giant peanuts from the Matto Grosso as well as the tiny seed of the wild 
peanut. Of interest also was the recovery of some long-lost tobacco strains 
in Costa Rica from volunteer plants that had sprung up from seed lying 
dormant for a generation under the floors of houses. In that country often 
when an old house is demolished by the owner or by earthquake the tobacco 
seeds germinate and produce plants. 

Irving T. Haio: SilmcuUural history of the western whtle-pine type. The 
creation of the United States Forest Service in 1905 marked the first formal 
step toward the practice of silviculture over extensive laud areas in the 
Western States. The formulation of satisfactory methods of cutting in the 
complex and variable forests characterizing the western white-pine type in 
the Northern Rocky Mountain region was obviously a task of considerable 
difficulty, particularl^r as at that time little or nothing was known about the 
silvical habits or requirements of the associated tree species other than their 
names, botanical description, and general ooourrenoe. 

As a rrault of research, plus accumulated expenence, the system of cutting 
on national forests, starting out with a scattered se^-tree system, swung 
through a complete cycle and back to this same system in about one decade, 
some five other systems of cutting having been employed. Present trends, 
mainly influenced by economic conditions, are toward a crude two-cut 
shelterwood system. 

289th ICBBTING 

The annual bai^et and 289th regular meeting was held in the ballroom 
of the Kennedy-Warren Hotel, jipril 5, 1038; attendance 80. Professor 
Whetzel of Cornell University was a guest of honor at the dinner. 

Program .— Walter C. Lowdbbmilk gave an illustrated lecture on Soil 
eonservaJUm and the California floods. 

SPECIAL HBBTlNa 

A special meeting was held in the auditorium of the U. S. Department of 
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Agriculture, April 19, 1938. at which Philip R. Whits of the Rockefeller 
Institute s]wke on Root cuUurea and root imaaure. The history of theory 
concerning the mechanism of sap movement, a subject of investigation and 
controversy for the past 350 years, was briefly outlined. The “cohesion 
theory” of Dixon and Joly and of Askenasy has in the past 30 years largely 
superseded all others. This theoiy, however, possesses certain weaknesses 
and is incapable of explaining water movement under conditions of saturated 
atmosphere, as in the rain forests of the tropics. 

Experiments with growing excised tomato roots have shown that such 
roots regularly maintain a continuous, rhythmic, basipetal flow of water in 
quantity and under pressures adequate to satisfy the needs of the tallest 
trees Under conditions unsuitable for the functioning of the cohesion scheme. 
Secretion pressures of at least 6 atm. were recorded. This process is depend¬ 
ent on the activity of living cells. The two processes—secretion flow and 
transpiration flow—supplement one another and together seem capable of 
providing a complete and adequate explanation of sap movement. Alicb M. 
Andersen, Secretary. 
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PHYSICS .—Recent advances in the investigation of cosmic rays} 
Thomas H. Johnson, Bartol Research Foundation, Swarthmore, 
Pa., and research associate of the Carnegie Institution of Wash- 

• ington. (Communicated by John A. Fleming.) 

Perhaps the greatest heritage we have from the early men of science, 
of whom Joseph Henry was an outstanding example, is the faith they 
have given us that it is worth while investigating any unknown natural 
phenomenon simply because it is unknown. Their experience has proved 
that the investigation of the smallest and apparently the least signi¬ 
ficant effects sometimes yields a rich reward. The investigation of the 
cosmic radiation began with a humble phenomenon that might have 
turned out to be a mere leakage across an insulating plug, and al¬ 
though we are not sure yet just what the rewards of the investigation 
in the material sense may be, wc may be justly certain that the dis¬ 
coveries will have great human value, even if they result in nothing 
more than the filling in of the gaps of ignorance in our more complete 
knowledge of the properties of high energy radiations. 

The story of the discovery of the cosmic radiation is well known and 
need not be repeated in great detail. It will be recalled that in the 
years 1900 to 1910 the residual ionization in a gas-filled vessel, that 
part left over after all the known radiations had been eliminated, had 
proved remarkably stubborn, in spite of all attempts to change or stop 
it. If this ionization were caused by radiation originating in the earth, 
changes of location and of elevation should have had some effect; but 
experiments in which the instruments were taken out over lakes and 
up in towers showed that the radiation remained always in about the 
same amount, a small amount, to be sure, but one that with improv¬ 
ing technique became more and more certain of existence. Finally, in 
1913, Hess improved upon some earlier experiments of Gockcl and 
carried an instrument up to about 5,000 meters above sea level in a 
free balloon. As he ascended he found a small increase in the ionization 
but an increase that now seemed to be quite definite. He interpreted 

‘ The Ninth JoHwh Henry Lecture of the Philoeophicnl Society of WMhington, 
delivered on March 25, 1939 Received March 25, 1939. 
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his results in a statement which I translate from the German as fol¬ 
lows: "The results of these investigations seem most readily to be ex¬ 
plained by the assumption that a radiation of very great penetrating 
power falls upon our atmosphere from above, and even in the lower 
levels it produces a part of the ionization observed in closed vessels.” 
This was the first definite suggestion based upon experimental find¬ 
ings of the existence of a cosmic penetrating radiation. Subsequent ex¬ 
periments by Kolhorstcr and Millikan confirmed Hess’s contention, 
and the horizon w'as cleared for the next step in the investigation. 

Were these rays found by Hess being generated in the highest layers 
of the atmosphere? Were they coming from the sun or the planets? Or 
were they emanating from some more distant part of the cosmos in 
remote spiral nebulae or in intergalactic space? In looking for an answer 
possible variations of the cosmic-ray intensity with time and with 
position on the earth were sought, to find if there were preferential 
directions in space from which the intensity was greater or less. To 
all these attempts the answer was always the same. The radiation 
was extremely constant as if it were proceeding from sources evenly 
distributed throughout the universe. Millikan, for example, found no 
change of intensity when the Milky Way passed below the horizon, 
and a numlier of experimenters found no variations from night to day 
or with the time of the year that they could be sure of with the tech¬ 
nique then in use. 

Still others in this early period were concerned with finding the 
energy of the cosmic-ray quanta, and for this purpose the absorption 
of the radiation in the atmosphere and in various other substances was 
studied. Results were interpreted on the assumption that the cosmic 
rays were like gamma rays, and absorption laws suitable for X-rays 
and gamma rays were extrapolated to the higher energies of the cosmic 
radiation. These laws when applied to rays of given energy implied an 
exponential variation of intensity with depth, the exponent depending 
on the energy, and the observed departures from an exponential law 
in the exfierimental curve were taken to be an indication that several 
different energies were present in the cosmic-ray spectrum. To find 
these energies the intensity-depth curve was resolved into a number 
of exponential curves (Fig. 1), each of which was supposed to repre¬ 
sent one component of the primary radiation. Having found the 
energies in this way it was tempting for one to speculate as to what 
processes might have produced rays of these energies. Perhaps the 
cosmic-ray spectrum could reveal facts about the universe just as the 
atomic spectrum had led to a thorough imderstanding of the structure 
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of the atom. A most alluring interpretation of the results was sug¬ 
gested by Millikan in his famous atom-building hypothesis, which 
drew attention to the agreement between the cosmic-ray energies 
deduced from the intensity-depth curve and the energy equivalent of 
the mass deficiency of some of the common elements as compared 
with the masses of their elemental particles. In the cosmic radiation, 
it was suggested, was living evidence of the creation of matter in the 
more complex forms from simple hydrogen. 



Fig 1 —The intensity of the cosmic radiation in plotted os a function of depth be¬ 
low the t(^ of the atmosphere expressed in terms of the equivalent number of meters 
of water. The resolution of the expen mental curve into four exponential curves in also 
shown to illustrate how, in the earlier period of the investigation, the energy of the 
pnmary rays was **derived" from the experimental data These exponential curves 
corresponded to energies equivalent to the mass deficiencies of the elements indicated 
(From Millikan and Cameron ) 


In retrospect this hypothesis was important not so much for its 
own sake as for the stimulus it gave to both believers and disbelievers 
in the pursuance of other investigations leading to new discoveries, 
discoveries that overthrew the original hypothesis and showed that 
the cosmic rays were not gamma-ray quanta but were in fact elec¬ 
trically charged particles. Up to that time it had been quite generally 
assumed that the primary rays entering the atmosphere from above 
were absorbed by interaction with electrons of the atoms in the at¬ 
mosphere. The theory of this type of interaction when applied to the 
observed curve led to the conclusion that the primary rays had 
energies ranging from 30 to 1,000 million volts. The ionization, accord¬ 
ing to this theory, would have been produced by the recoiling electrons, 
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and these were supposed to be much less penetrating than the primary 
gamma radiation. In 1927 Skobelzyn found the tracks of rays in his 
cloud chamber whose energies were at least as great as had been 
expected from the recoil hypothesis; but in 1929 Bothe and Kolhorster 
showed that these corpuscles were themselves as penetrating as the 
total cosmic radiation, and it was no longer necessary to consider the 
ionizing rays as secondaries to a more penetrating non-ionizing radia¬ 
tion, such as the gamma rays. The ionizing corpuscles might be the 
primary cosmic rays themselves. This was a new point of view sug¬ 
gesting new things to look for. 

If the primary rays were electrically charged corpuscles, the earth's 
field should prevent tliose of lower energies from reaching the earth's 
surface at the Equator where the horizontal comjxment of the field is 
the strongest. Experiments by Clay had already indicated such an 



Fik 2 —The intensity of the cosmic radiation in the vertical direction is plotted 
against the latitude The lower intensity near the Equator is due to the exoliiaion of 
the raya uf lower energies from the equatorial belt by the earth’s magnetic field. 
(From Johnson and Read } 

equatorial deficiency, and the cfFect was soon confirmed and more 
accurately measured during the extensive geographic surveys con¬ 
ducted by Compton, Millikan, and numerous others (Fig. 2). 

In producing this equatorial deficiency the earth is acting as a huge 
magnetic spectrograph, resolving in effect the primary rays into a 
momentum spectrum. From a closer study of the phenomenon it 
soon became possible to determine how the primary rays were dis¬ 
tributed in energy. What the earth’s field actually docs is to exclude 
rays whose energies are less than a certain critical value from an 
equatorial zone bounded on the north and south by parallels of equal 
magnetic latitude. The mathematical analysis for determining the 
critical energies as a function of the latitude had been started many 
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years ago by St5rmer, but the solutions of the equations could not 
be expressed in terms of known functions and his progress was slow. 
It remained for Lemattre and Vallarta, with the help of the Bush 
differential analyzer, to complete the work, and now wo know the 
lowest cosmic-ray energies accessible to each latitude. For example, 
rays must have energies in excess of 18 billion volts if they are to 
reach the earth at the Equator; 6 billion volts are required for the 
latitude of 40°. These energies were from 10 to 1,000 times more than 
those considered according to the older point of view. 



Fig 3 —Combined resulta of the meuurementa of eaat-weet aMymmetnes Ratio of 
east-weet intensity difference to average intensity plotted against senith angle Sta¬ 
tions arranged in order of their latitudes and elevations. (From Johnson ) 

The figures cited apply to the rays that enter from the vertical 
direction, but there is also a strong dependence of the low-energy 
limit upon the direction at any given latitude. In the case of positive 
primary rays, the lowest energies are found near the western Wizon, 
and negative rays enter with lowest energy from the eastern horizon. 
At the Equator positive rays of 10 billion volts have access to the 
west, but 75 billion volts are necessary for entry from the eastern 
horizon. If more rays are positive than negative, this dependence of 
the low-energy limit upon direction should give rise to an east-west 
asymmetry of the intensity, since rays of lower energy can contribute 
to the intensity on one side of the meridian but not on the other. 
Experiments with instruments that measured the intensity from 
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within a narrow cone of directions were made in the lower part of 
the atmosphere by the writer and by a number of other observers, 
and more intensity was found from the west than from the east at 
a corresponding angle from the vertical (Fig. 3). The results lent 
additional support to the hypothesis that the primary rays were 
electrically charged, and they showed that more of these rays were 
positive than negative. 

Besides establishing the validity of the corpuscular hypothesis, 
the experiments with the directional and latitude effects were able to 
determine what the initial energies of the primary rays were before 
their entry into the atmosphere, and this was an important aid in 
analyzing the processes by which the rays lose energy in traversing 



Fit; 4 —Spoctrum analysis of the intensity of the oosmio radiation afc sea level with 
respect to the energy of the primary rays The full-lined curve represents the measured 
intensities plotted against the low-energy limit This Intensity is contnbuted by 
pnmary rays of energy greater than that value The derivative of the full-lined curve 
18 represented by the dotted curve and it is equal to the intensity contnbuted by pn¬ 
mary rays w ithin a unit range of energy about the value indicated by the abscissa The 
sudden rise in tho dotted curve at 0 oillion volts may be explained if rays of greater 
than this energy penetrate the atmosphere while rays of less energy do not, or It may 
indicate a lower intensity of primary rays of low energy (From Compton and Turner) 

the atmoHphere. The differential intensity between two latitudes or 
between two directions could be identified with primary rays of given 
energy, and the intensity at any depth could bo resolved into a kind 
of spectrum analysis with respect to the energy of the primary radia¬ 
tion. An analysis of this type based upon Compton and Turner’s 
measurements on the Pacific Ocean is shown in Fig. 4. 

From the total amount of the intensity difference between high 
and low latitudes we know that at least 15 percent of the sea-level 
intensity is produced by electrically charged primary rays whose 
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energies lie between 6 and 18 billion volts. The earth’s field is not 
strong enough to permit the analysis to extend to higher energies, 
and the remaining 85 ijeroent of the sea-level intensity may be pro¬ 
duced by electrically charged rays of higher energies or it may bo 
produced by neutral rays. 

The variation of the cosmic-ray intensity with latitude has also 
been studied by Bowen, Millikan, and Nehcr at levels up to within 
1 or 2 percent of the top of the atmosphere. Instruments were sent 



Fig 6 —The intensity-depth curves of the cosmic radiation at different latitudes 
obtained from balloon flights Atmonnheno depths are represented in equivalent meters 
of water The peak intensity at the Equator is about 40 per cent of that found in higher 
latitudes The difference is due to the ravs of lower energies cut off by the magnetic 
field (From Bowen, Millikan, and Neher) 

up in free balloons, which were recovered after the flight and the 
records extracted. The dependence of the intensity upon latitude 
which they have found is shown in Fig. 5, where the ionization is 
plotted against depth in the atmosphere. From these curves the 
total energy brought in in each latitude can be determined by integra¬ 
tion. This quantity divided by the average energy of a primary ray, 
determined from the latitude, gives the number of primary rays 
incident upon unit area per second at each latitude. The differences 
in these numbers from one latitude to another give the numbers of 
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primaries in short ranges of energy, or, in other words, the spectrum 
of the primary coHmic radiation. When smoothed out into a continu¬ 
ous curve this spectrum is represented in Fig. 6. This shows the 
energy distribution of the cosmic radiation as it would appear to an 
observer in interstellar space. Eighty-five percent of the rays have 
an energy less than 18 billion volts; the remaining 15 percent may be 
charged rays of higher energy or they may be electrically neutral. 



Fir 6 —The Bpoctnim analysis of the primary cosmic rays, based upon the balloon 
flight data of Bowen, Millikan, and Neher In the upper diagram la plotted the curve 
showing the number of coemic rays of different energies and in the lower diagram arc 
the curves showing the distnbution of the energy carried by primary cosmic rays and 
the energy earned by rays of energy greater than the value indicated by the al^isaa. 
The latter curve has been plotted to nt the four points obtained from the expenments. 
(From Johnson.) 


The above analysis pertains to the primary rays before they enter 
the atmosphere. A magnetic analysis based upon similar principles 
has also been made of the rays present in the atmosphere at sea level. 
In this instance the curvature of the tracks of ionising rays in the 
Wilson cloud chamber has been studied when a strong magnetic 
field is applied to the chamber. The smaller dimensions of the cham> 
ber with respect to those of the earth are compensated by a stronger 
field and an ability to detect smaller deflections, so that the upper 
limit to which this analysis extends is actually a little greater than 
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that of the geomagnetic analysis. The distribution of the ionizing 
rays found by Blackett is shown in Fig. 7, where the numbers of 
rays found at sea level within narrow ranges of energy are plotted 
against their energy. Here again the accurately measured energies 
extend up to about 20 billion volts, but in these experiments other 
rays of still higher energies, although undeflected in the strongest 
fields, may be recognized as electrically charged corpuscles from the 
fact that they produce tracks of ionization. 



Fig 7 —The energy diBtnbiition of the lonixing rays at uea level determined from 
ineuaurcments uf curvatures of tracks in the cloud chamber with magnetic field Ac¬ 
curately measured energies extend to 10 billion volts^ rough moasurementM to 20 billion 
volU, but above this energy there are other corpuscular rays whoso energies are so 
high that no curvature can be seen The loop in the curve at 2 5 billion volte has not 
boon explained. (From Blackett) 

Beyond the range of the magnetic measurements other techniques 
indicate still higher energies of cosmic rays. From studies of the 
energy lost by rays in passing through unit thickness of matter it 
has b^n found that a ray loses about 3 million volts per centimeter 
of water. V. Wilson and others have detected cosmic rays to a depth 
of 1,200 meters of water, from which it may be concluded that some 
of the cosmic rays have energies in excess of 10“ volts. Still higher 
energies are indicated by the study of the bursts of ionization that 
occasionally take place in an ionization vessel (Fig. 8). This phenome¬ 
non, discovered by Hoffmann, is now a matter of every-day observa¬ 
tion on the part of those who measure cosmic-ray ionization. The 
sudden release of ions within the vessel sometimes observed indicates 
that thousands of ionizing rays must have passed through the cham- 
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ber at one time. If these rays have the same average energy as the 
other cosmic rays, the total energy carried by them must exceed 10“ 
volts. Since they occur simultaneously they must all have come from 
a single primary ray. These bursts have also been observed in the 
cloud chamber, and examples photographed by Fussell and Street 
arc shown in Figs. 9 and 10. In Fig. 10 more than 100 rays are seen 
entering the chamber from nearly parallel directions, indicating that 
this is only a small sample of the burst that must have originated 
from some point well above the chamber. Some recent experiments 
by Janossy and Lovell, by Auger, and by Swann and Ramsey have 



Kiff 8 —An ionization bunt recorded automatically In a vessel designed by Millikan 
and Neher The sloping lines indicate the dnft of the noodle of the electroscope as the 
cosmic-ray loniKation accumulates for a period of 15 minutes The sudden oreak in 
one of the records was produced by the sudden release of ions attnbuted to the simul¬ 
taneous passage of at least 100 rays, (From KoHT ) 

shown that bursts sometimes cover an area as great as 400 square 
meters and have energies up to 10^* volts. 

These experiments show that at least a good part of the primary 
radiation previously characterized as unanalyzable, in the sense that 
it was impossible to tell from the geomagnetic effects whether it 
consisted of neutral rays or of electrically charged rays, must now 
be attributed to the latter. We can not avoid postulating the existence 
of the enormous energies required to reach the earth at the Equator 
by supposing the equatorial intensity is produced by neutral rays. 

The primary rays are electrically charged; but what kind of cor¬ 
puscles are they? Are they protons, electrons, or alpha particles, or 
are they some new kind of charged particle not represented in the 
familiar family of elementary particles? To answer this question we 
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may look to the interaction of the rays with matter for more evidence. 
Even in the earlier attempts to analyze the ionization-depth curve, 
as we have already indicated, there appeared to be several groups of 
cosmic rays of different penetrating power. Although these analyses 
were based upon the wrong hypothesis as to the nature of the primary 
radiation, the resolution of the observed curve into an absorption- 



Fig 9 —A WiIbou cloud-chamber photograph of a buret of rays emanating from a 
point In a piece of lead Events such as these also account for the bursts of iomsation 
(From Fussell and Street) 

coefficient spectrum (Fig. 11) shows two groups of rays so well de¬ 
fined that their apparent differences could not be attributed to the 
wrong method of analysis. The distinction between the two groups, 
at first attributed to a difference in energy, must now, in view of the 
studies of the latitude effect, be interpreted as a difference in some 
other property. Some of the soft rays so easily absorbed by the atmos¬ 
phere that none at all reach to a depth greater than 0.6 atmosphere 
arc now known to be present at the Equator and to have energies 
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exceeding 18 billion volts. On the other hand, some of the hard rays 
capable of passing through the whole atmosphere are excluded from 
latitudes below 40® and are known to have energies less than 6 billion 
volts. Within this range of energies we find both hard and soft rays, 
and it is necessary to seek for some other difference than the energy in 
distinguishing the hard rays from the soft. 



Fik 10 - A larffc bumt of nearly narallol rays entering the chamber from above and 
undergoing multiplication in the lead platea placed in the chamber The rays here seen 
entering the chamber muHt have branched off from the primary partlclo at a coDBlder- 
able diNtanre above the apparatus and what is seen is probably but a small sample of 
the whole bunt Theae bumta HometimoH cover an area of 400 square meters ana con¬ 
tain rays whose energies total 10‘* volts Because of their simultaneity the energy must 
have originated from a single pnmary ray (From Fussell and Street ) 

Perhaps physicists would nut have given up hope of explaining 
the absorption of the cosmic rays in the atmosphere without having 
to introduce the complexity of two different kinds of rays were it 
not for other more direct evidence requiring the same hypothesis. 
In the first place there were large differences in the energies lost by 
rays as they passed through lead sheets. This effect was studied in 
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the cloud chamber by Anderson and Neddermeyer and by Blackett. 
The energies of the ray before and after its transit through the lead 
were determined from the curvature of the track (Fig. 12), and the 
energy lost was plotted against the average energy (Fig. 13). In 
spite of the rather large fluctuations the rays seem to fall definitely 
into two groups, those for which the loss of energy is proportional 
to the energy, and the point falls along the 45“ line in the figure, and 
those suffering slight energy losses independent of the energy of the 
ray for which the points fall along the axis. Even this evidence might 
have been attributed to fluctuations in the behavior of the rays were 


40 

♦ 

20 


0 

Fir 11 —An analyHia of the loniMtion-depth curve into a Hpectrum of abeorption 
coeflioientH based upon the assumption of eximnential absorption Although this law 
la now known to be invalid, the existence of the two well-pronounced peaks would not 
be altered in taking cognizance of the true absorption law. (From Eckhart) 

it not for the additional characteristic noted by Anderson and Ned¬ 
dermeyer that the strongly absorbed rays represented by points on 
the 46° line were usually accompanied by other rays cither emanating 
from the lead plate or entering the chamber from above, whereas 
the rays that lost little energy in the lead were rarely accompanied 
by other rays. Simultaneously with this discovery, Street and Steven¬ 
son found that rays able to penetrate great thicknesses of lead, up 
to 1 meter, seldom produced showers of secondary rays, whereas those 
that were easily stopped in lead produced frequent showers. Simul¬ 
taneous measurements of the energy in the cloud chamber showed 
that the difference in behavior was not associated with a difference 
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in energy. These and other experimentB, not to be mentioned, defi¬ 
nitely showed that two kinds of cosmic rays appear at sea level, the 
hard rays making up about 70 percent of the total and the soft rays 
accounting for the remainder. At higher elevations the soft rays 
become more prominent and account for most of the intensity in 
the stratosphere. 

If one is to be able to identify different kinds of rays by their 
differences in behavior it is necessary to know how different kinds of 
rays behave. Unfortunately the necessary information can not be 
obtained by direct observation, for there is no laboratory technique 
for producing rays of known types with the energies of the cosmic 



• \ 
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Fig 12—Photograph of a ray loHing energy m a load plate A greater ourvature 
of the track in the lower half of the photograph la noted corresponding to a lower energy 
after it has emerged from the lead (From Anderson ) 


rays. The only approach to the problem is through the theory. In 
this instance, however, the theory seemed to be particularly reliable 
in spite of its not having been put to rigorous test, and it was able, 
in the hands of Bcthe and Ileitler, to make some specific predictions. 
Two kinds of energy losses were described, the ionization losses as¬ 
sociated with the interaction between the ray and the electrons in 
the atoms of the absorbing matter, and the radiation losses arising 
from the nuclear encounters. For rays of given energy these two types 
of energy loss depend so differently upon the mass of the particle 
that this might be the key to the difference in the observed behaviors 
of the two types of rays. The ionization losses are inversely propor- 
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tional to the velocity, so that when two rays of different mass have 
the same energy the heavier one will ionize the mure heavily. When 
the velocity approaches that of light the ionization ceases to vary 
with the energy and has a low density. The energy at which the ion 
density reaches this low value depends upon the mass and is about 
equal to the mass energy me} The radiation losses, on the other hand, 
increase with the energy in proportion to it, but the absolute value 
of the losses experienced by this process depend upon the inverse 



Fig 13 —The of energy per unit thicknewi of lead plotted againat the average 

energy Rays that are accompanied by other rayn are indicated by the open circles 
Rays that produce showers oi rays In the lead plate are indicated oy tails and single 
rays are indicated by the black dots The points appear to fall into two groups, those 
that lose little energy and fall along the axis and those that lose energy in proportion 
to their energy and fall along the 46” line The latter group are also distiDguislied by 
their shower-producing tendency and their frequent occurrence along with other rays 
(From Anderson and Neddertneyer.) 


square of the mass. Thus a proton loses energy by this process only 
one four-millionth as rapidly as an electron of the same energy. In 
the case of the electron the theory showed that the radiation losses 
should equal the ionization losses at an energy of 1.5 million volts, 
and for higher energies it should predominate. Protons, on the other 
hand, lose energy principally by ionization until their energy exceeds 
10‘* volts. 

The quantum theory foretold another phenomenon that proved of 
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great importance in the identification of the raya, for it predicted 
that the radiation lost by the particles during nuclear encounters 
would soon appear again in the form of a pair of positive and negative 
electrons created as the quantum passes through a nuclear field. 
Thus rays that lose energy by radiation could be identified by their 
fanuly of secondaries. 

In comparing the theory with the experimental results it was 
found that the observed energy losses of the soft component in the 
cloud-chamber experiments (Fig. 13) were just those to be expected 
if the rays concerned were electrons. The secondary rays observed 



Fik 14 *--LoKarithinic plot of the incrcmcnta of iDlenfiity in the atmosphere be¬ 
tween two latitUfleH attributable to mys of definite enerfcios (represented by the pointa) 
and the curves showioK the theoretical variation of the intenHity to be expected from 
the multiplicative processes if the pnmary rays are electrons of these energies. (From 
Euler) 

by Anderson and Neddermeyer accompanying the rays whose energy 
losses were large were also in the right proportion to be accounted 
for by the pair-formation process described by the theory. The theory 
based upon the primary electron hypothesis was equally successful 
when applied to the variation of the intensity in the upper atmos¬ 
phere by Carlson and Oppenheimer and by Bethe and Heitler. If 
the primary rays were electrons of the energies determined by the 
latitude effect the multiplication provided by the radiative and pair- 
formation processes gave just the observed increase of intensity 
over the first part of the curve (Fig. 14), and it explained the firrt 
part of the downward slope. 
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A third important success of the theory pointed out by Montgom¬ 
ery and Euler was its ability to account for the observed frequency 
and size distribution of the bursts and showers of rays observed in 
the ionization chamber. This was accomplished without the introduc¬ 
tion of any ad hoc hypotheses but merely from consideration of the 
fluctuations if the elementary processes of radiation and pair forma¬ 
tion were independently occurring events, taking place with the a 
priori probabilities indicated by the theory. 

In every respect, in the cloud chamber, in the atmosphere, and in 
the ionization chamber, rays of the soft component were behaving as 
electrons obeying the theory should behave. Even though the theory 
was not previously proved in this range of energies and even though 
it was not known that the soft rays were electrons, the combination 
of circumstances gave potent support to both hypotheses. 

The hard rays on the other hand were not behaving as electrons, 
for they experienced no large losses of energy like the radiative losses 
of the soft component, and there were no positive and negative pairs 
of electrons being produced by them. If these rays were to be de¬ 
scribed by the theory it would be necessary to ascribe to them a mass 
somewhat larger than that of the electron. 

The first guess was naturally that the hard rays were protons. To 
be sure, they occurred with both signs of charge in about equal num¬ 
bers, but this aspect of the situation was not objectionable for physi¬ 
cists with their love for symmetry had been looking for negative 
protons. However, this hypothesis was of short duration, for tracks 
of hard rays were found in the cloud chamber with a low density of 
ionization indicating an energy greater than the mass energy, but 
simultaneous measurements of their curvature in a magnetic field 
showed that this energy was less than the mass energy of the proton. 
If the theory applied these rays would have to have a mass in between 
that of the electron and of the proton. No particle of this type was 
previously known and it became necessary to admit into the family 
of elementary particles a new member christened the mesotron, from 
the Greek stems indicating a ray of intermediate mass. 

Further more careful studies of some of the slower mesotron tracks 
showed that they began to thicken when their energy fell below 10* 
volts, and it was concluded that the mass was about one-tenth that 
of the proton. A mesotron track photographed by Williams and 
Pickup is shown in Fig. 15, where it may be compared with the 
thinner but more sharply curved track of a faster but less energetic 
electron. An equally curved track of a proton would have been 100 
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times more dense and a proton track of equal density would have 
shown no detectable curvature. Thus there can be no mistake in 
distinguishing these rays from either protons or electrons, although 
a high accuracy has never been claimed in the actual determination 
of the mass. 

As already noted, the first part of the ionisation-depth curve is 
satisfactorily accounted for by primary electrons. It would be hoped 
that the variations of intensity at the greater depths where the hard 
component predominates might be accounted for in terms of the 
properties of the mesotron. Indeed, if one takes the energy distribu¬ 
tion found from the cloud-chamber analysis at sea level and calculates 



Fir 16.—A metiotron track photugraphed by Williama and Piokup (the straighter 
track) compared with the track of an electron The thinner electron track means that 
the ray was movinR with a higher velocity, but its Rreater curvature indicates a lower 
momentum The two conditions are eoniiistent if the mesotron has a larger mass 

what mesotron intensities there should be at various depths below 
sea level, the result is in satisfactory agreement with the experiments, 
but if one works backward and calculates what energy the primary 
rays must have had before their entry into the atmosphere, the calcu¬ 
lation shows energies less than could have been admitted through the 
magnetic field. The energy losses contemplated by the theory can 
not account for the difference between the observed sea-level energies 
and those that the primary rays must have had. Since the theory 
is complete in its description of what happens below sea level we 
must admit that the mesotrons are not primary rays but that they 
have been produced near the top of the atmosphere by some other 
more energetic primary radiation. 
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There are two other important arguments leading to this same 
conclusion. In the first place, the east-west asymmetry of the hard 
rays at sea level near the Equator shows that the primary rays are 
predominantly positive. The cloud chamber analysis, on the contrary, 
shows equal numbers of p>ositive and negative mesotrons at sea level. 
The second argument is based upon the evidence that a mesotron is 
unstable and could not have survived a long time in interstellar 
space without having disintegrated into an electron and a neutrino. 
Perhaps a digression from the main thesis would be allowed for a 
brief description of this evidence. 



Fig 16 —The intensity of coamie rays under water and under equal masaes of air 
The greater intensity u found under the more donae medium where the time of transit 
is looet The effect is explained if the mesotrone are unstable and have a mean life of 
the order of 2 X 10“* soeonda. (From Fhroert ) 

The first hint of an instability of the mesotron component appeared 
in a theory of Yukawa in which a particle of mass like that of the 
mesotron found in the cosmic radiation was invoked for an interpreta¬ 
tion of nuclear forces. The connection was vague, and it is doubtful 
if any significance would have been attached to the instability pre¬ 
dicted by Yukawa for his nuclear particle were it not for the fact that 
the same property was needed to account for certain unexplained 
effects in the cosmic radiation. Ehmert had measured the intensity 
of the cosmic radiation under air and under equal masses of water 
(Fig. 16) and had found that although these substances differ only 
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in regard to their density, the one-thousand-fold denser water was 
the more transparent to the cosmic radiation. A similar effect was 
found by Ehrenfest and Freon when they compared the intensities 
of rays that had traversed equal masses of air at different pressures 
(Fig. 17). Both experiments could be explained by the instability 
hypothesis, for the greater intensity was always found along the 
path requiring the least time for transit from the upper atmosphere. 
Mr. Pomerantz and the writer have recently repeated these experi¬ 
ments under more favorable circumstances by comparing the in¬ 
tensities under an equivalent of two atmospheres of air made up in 



the first instance of the vertical path through the atmosphere and the 
equivalent of one atmosphere of water in a cylindrical tank above 
the instrument, and in the other instance by the air path along the 
inclined direction 60° from the vertical. These measurements indicate 
a mean life of the mesotron when at rest of 2.5 X 10~' seconds. Because 
of a relativity transformation of the time scale when passing from the 
reference frame of the mesotron to that of the observer the mean life 
increases with the energy, and this is a phenomenon that has also 
been confirmed in these experiments. The products of disintegration 
are electrons and neutrinos. Euler has shown that the energy distribu¬ 
tion and the intensity of the soft component at sea level is just that 
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to be expected if it consists of the disintegration electrons from the 
hard component. Thus there is experimental evidence from many 
angles that the mesotrons are unstable, and although this presents 
some interesting problems of its own its bearing upon the main 
thesis is that it requires the mesotrons in the atmosphere to be 
secondaries of some other type of stable primary radiation. 

Perhaps the simplest assumption is that the primaries of the meso¬ 
trons are the electrons, which os we have already seen, account 
satisfactorily for the soft component. If these produce mesotrons by 
impact with the nuclei in the upper atmosphere they might also 
account for the hard component. This has been a tempting idea and 
one which has formed the basis of several theoretical discussions of 
the probability of mesotron production, but it now appears to be no 
longer tenable, because of some very recent results. 

It has already been noted that the east-west asymmetry of the 
cosmic radiation at sea level shows that the primaries of the mesotron 
component are positive. If these primaries are the electrons of the 
soft component all other secondaries produced by them should also 
show the same east-west asymmetry, and at the top of the atmos¬ 
phere where the intensity is produced in such large measure by the 
field-sensitive rays, as shown by the latitude effect, the asymmetry 
should be at least 10 times greater than that found at sea level. Dr. 
Barry and the writer have just completed experiments to test this pre¬ 
diction by measuring the relative intensities of the radiation from the 
east and the west near the Equator at very high elevations. Unidirec¬ 
tional recording instruments set at an angle just above the horizon 
were sent up in free balloons to within a few percent of the top of the 
atmosphere and there allowed to rotate about a vertical axis. The 
orientation as well as the cosmic-ray intensity and barometric heights 
was communicated to the ground station by radio signals automati¬ 
cally sent out from the balloon. Five flights of this nature gave results 
that agreed with one another in showring that the asymmetry was 
no more than could be accounted for by the hard component alone 
and that the soft component primaries must consist of equal numbers 
of positives and negatives. If the soft component primaries had been 
as predominantly positive as those of the hard component the asym¬ 
metry would have been at least 8 times more pronounced than that 
observed. Since the soft component primaries are equally positive and 
negative, while the hard component primaries are entirely positive, 
the two components must be produced by different primary rays, 
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the soft component primaries consisting of equal numbers of posi¬ 
tive and negative electrons, and the primary rays of the hard com¬ 
ponent consisting of practically 100 percent positive rays whose only 
other known property is their stability to withstand long times of 
transit through interstellar space. 

These rays are not electrons and they are not mesotrons. Perhaps 
then they are protons. Arguments against this hypothesis have been 
advanced. Protons losing energy by ionization alone should reach sea 
level in large numbers, and they should be identifiable from the 
character of their track and their curvature in the cloud chamber 
after they have been slowed down to an energy comparable with 
their mass energy of 10* volts, but numerous attempts have failed to 
find any trace of primary protons. The theory, also, though still 
very vague, fails to find any very good reason why protons should 
produce mesotrons. On the other hand, if protons produce mesotrons 
perhaps the same interaction could explain why protons do not reach 
sea level and the hypothesis might still be allowed. 

Another approach to the problem is through a consideration of the 
properties of interstellar space from which the particles arrive. Swann 
has pointed out what enormous potential differences would exist 
between points in space if all or any appreciable fraction of the pri¬ 
mary radiation were made up entirely of charges of one sign. If, for 
example, one-tenth of the primary radiation consisted of positives 
unneutralized by an equal number of negatives, potentials of 10*^ 
volts would exist between two points separated by a distance of 1 
light year, and the potentials go up as the square of the distance. The 
fact that cosmic rays come to us at all is the best possible evidence 
that there is no space charge in interstellar regions. Any element of 
volume must have equal numbers of positive and negative rays within 
it. It is also easy to see that the positives and the negatives must be 
moving with statistically equal velocities, for otherwise there would 
be more charges of one sign than of the other passing out through a 
closed surface surrounding the source and the source would go on 
charging up to an infinite potential and shut off the primary beam. 
The only way to realize a steady potential at the source and at the 
same time to have a neutral intergalactic space is to have equal 
numbers of positives and negatives in each element of volume both 
moving with the same velocities. 

But how then can one find more positive than negative cosmic rays 
in any given range of energy as the rays impinge upon the earth? 
The answer must be that positive and negative rays of equal velocity 
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do not possess equal energies. They must have different masses. 
Since the energies of two rays of equal velocities are in proportion 
to their rest masses, a proton moving with the same velocity as an 
electron would have 2,000 times more energy. When these encoun¬ 
tered the earth’s magnetic field, the more energetic proton would pass 
on through while the electron would be turned back into space, and 
the primary rays would appear to be entirely positive. From this 
point of view, therefore, we can account for the preponderance of 
positive rays in the primary beam by merely assuming that the 
positives have the greater mass. 

If we consider the source of the cosmic radiation in a little closer 
detail we can see that this picture of the primary radiation is also 
consistent with what we might expect if the source is composed of 
ordinary matter. If some mechanism, such as the thunderstorm, were 
producing high-energy rays of cither sign, these would be propelled 
outward leaving the opposite charge on the source. In this field ions 
of sign opposite to that of the initial rays would be accelerated out¬ 
ward, while the initial rays would be decelerated. Finally, at a suffi¬ 
ciently great distance the two would have the same velocity and the 
positives with the greater mass would have most of the original 
energy. 

If the initial rays were electrons, the soft component primaries 
could also be accounted for in the same picture, for the initial elec¬ 
trons before their deceleration would have produced positive and 
negative pairs as they were passing outward through the atmosphere 
of the sourec. If this multiplication takes place according to our 
present knowledge of pair formation, these would have the energy 
distribution which is observed, and they would consist of equal num¬ 
bers of positives and negatives moving with statistically equal veloci¬ 
ties, just as is observed. 

In this way we can account for all the observed rays in the primary 
beam, but it is also necessary to account for the absence of gamma 
rays. If the soft component is produced by pair formation at the 
source, there should also be a nearly equal number of gamma rays 
ip the primary beam, which should show itself as a component not 
sensitive to the magnetic field of the earth, and yet the latitude 
effect shows that at least 86 percent of the primary rays are electri¬ 
cally charged. One possible solution of this difficulty has been sug¬ 
gested by Alfven who considers the possibility of the existence of a 
galactic magnetic field. If the source of the radiation is within the 
galaxy the electrically charged rays would spiral around in planetary 
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orbits within a region from which they could never depart while the 
gamma rays would pass freely out and be lost in intergalactic space. 
Thin idea of a galactic source trapped by a magnetic field is also 
supported by the experiments of Compton and Getting, which have 
shown that the diurnal variation is less than is consistent with an 
extragalactic source when the proper motion of the solar system due 
to the rotation of the galaxy is taken into account. 

Where the source is, we may not yet say, but some recent evidence 
found by Forbush in the very important program of the Carnegie- 
Institution for the study of the time variations of the intensity show 
the presence of some unexplained variations of the intensity asso¬ 
ciated with magnetic storms and other long-time variations that may 
have the period of the sun-spot cycle. If these effects are produced 
by solar influence—as they seem to be—a source of cosmic rays may 
be considerably closer to us that we have heretofore imagined. 

BOTANY.--(70/106771171(7 Ardisia crispa (Thunb.) A, DC. and A. 
crenata Stms, confused species of Myrstnaceae from eastern Asia.^ 
Egbert II. Walker, U. S. National Museum. 

The name Ardisia enspa is usually applied to a woody plant of 
eastern Asia commonly cultivated in greenhouses in Europe and the 
United States, although this species Ls sometimes called Ardisia 
crenaia. In Japan, where it is also cultivated, it is known under 
various names.* It was originally described as Bladhia erispa by the 
Swedish botanist Thunberg* in 1784. In 1817 the English horti¬ 
culturist Loddiges published an illustration of a shrub recently in¬ 
troduced from China, which he named Ardisia crenulata but did not 
describe. The following year this plant was described and renamed 
Ardisia crenata by the English botanist Sims. In 1834 Alphonse 
DcCandolle in his review of this family (Trans. Linn. Soc. Ixindon 
17: 9.'5-138. pi. 4-8) transferred Bladhia crispa Thunb. to Ardisia, 
but his description and the fact that he cited A. crenata Sims as a 
synonym show that he misunderstood Thunberg’s species and mis¬ 
applied his name to the plants illustrated by Loddiges and by Sims. 
This mistake has resulted in long-continued confusion, which was 
only recently clearly resolved by Dr. H. Ilandel-Mazzetti in his 
Symbolae Sinicae (Teil 7:755-756. 1936). He examined Thunberg’s 

^ Published by permisBion of the Secretary of the Smithsonian Institution. Re¬ 
ceived March 13, 1939. 

■ See formal synonymy below 

' For preotae references see the formal synonymy 
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type Bpeoimen, preserved in the herbarium at Upsala, and found that 
it is not the same os that of Sims but is the same as A. hortorum 
Maxim, published in 1865 and A. Ilenryt Ilemsl. published in 1886. 
Because of the misapplication of this name by DeCandolle and its 
perpetuation in literature, Dr. llandel-Mazzetti rejects Thunberg’s 
name, calling it a “nomen confusum,” and takes up the next oldest 
name A. hortorum Maxim, as the valid one for Bladhta criapa Thunb. 
However, since DeCandolle based his name Ardiaia criapa on Thun¬ 
berg’s spiecies, the types are the same regardless of his misapplication. 
Therefore Bladhta cnapa Thunb., transferred to Ardiata as A. ertapa 
(Thunb.) A. DC., must be applied in its original sense. This interpre¬ 
tation is also presented by Dr. A. Kehder in his treatment of the 
woody plants described by H. L6veill6 (Journ. Arnold Arb. 18: 232. 
1937). 

Ardima hortorum was described by the Russian botanist Maxi- 
mowicz from live material from Japanese gardens. He contrasts it 
with other living specimens growing in the St. Petersburg botanical 
garden under the name Ardiata ertapa A. DC. (A. lenttginoaa Ker) 
and with A. pundata Lindl. 

Ardiata Henryt Hemsl. was described from specimens collected in 
Hupeh Province, China, by Augustine Henry, nos. 3455 and 3972, 
and by E. Falier from Szechwan, all of which have lieen examined by 
Dr. Handcl-Mazzetti. The writer has examined duplicates of the 
Henry specimens at the United States National Herbarium, the Gray 
Herbarium, and the Arnold Arboretum and a specimen at the New 
York Botanical Garden designated as Faber 172 from Szechwan, 
which conforms with the Henry specimens and which probably is a 
duplicate of the collection cited by Hemslcy. Handcl-Mazzetti’s plac¬ 
ing of this species with Bladhta cnapa Thunb. through comparison of 
types,* and with Ardiata hortorum Maxim., is confirmed by the 
writer’s studies of many specimens and much literature. In respeet 
to published descriptions there is considerable diversity in characters 
used. Too great reliance seems to have been placed on punctation 
and other variable leaf factors. The characters used in this paper to 
differentiate these species have been selected after 10 years’ study of 
the eastern Asiatic species of this family. The characters used by Dr. 
Carl Mez in his monograph of this family (Pflanzenreich 9 (IV. 2.36) 
1002) have proved unreliable. Furthermore, his inclusion of these 
two distinct species along with one other under the name Ardiata 

* He has ve^ kindly sent the vrlter a carefully prepared drawinfc of a leaf by which 
Thunberg's and Hemsfey'a species have been further confirmed as identical. 
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cria'pa (Thunb.) A. DC. has continued the confusion started by 
DeCandollc’s error. 

The apeoimens upon which the present paper is based will be cited 
in the writer’s revision of the eastern Asiatic Myrsinaceae. 

KEY 

1. Stems minutely puberulent or lepidote when young; leaves membranous, 

rarely punctate beneath, the margin entire or wavy, not ensped-un- 
dulate; sepals not at all or sparsely punctate; stems usually conspicuously 
elongating above the special flowering branches A. criapa 

2. Stems glabrous when young; leaves chartaceous or conaccous, usually 

raised-punctate beneath, the margin usually crisped-undulate; sepals 
scattered-punctate; stems usually not conspicuously elongating above 
the special flowering branches.. A.crenata 

AfiDisrA CRisFA (Thunb.) A. DC. Fig. 1 

Bladhta criapa Thunb. FI. Japon. 97. 1784. "Crescit in insula Nipon.” 
The type, in the herbarium of the University of Upsala, has been 
examined by Handel-Mazzetti (S 3 rmbolae Sinicae, Teil 7: 766. 1936). 

Ardtaza cnapa (Thunb) A. DC. Trans. IJnn Soc. 17: 124 1834; DC 

Prodr. 8: 134. 1844. Based on Bladhta criapa Thunb. but mis¬ 

applied by DeCandolle. 

Ardtaia horlcrum Maxim. Gartenflora 14: 363. pi. 491 1865. Based on 

cultivated plants at the St. Petersburg botanical garden, received from 
cultivation in Japan. 

Ardtaia Ilenryt Hemsl Joum. Linn. Soc. Bot. 26 : 65. 1886. Based on 
Kew specimens of Henry 3455, 3072 from Hupeh (duplicates seen at 
the U S. National Herbarium, the Gray Herbarium, and the Arnold 
Arboretum), and Faber (without number) from Mount Omei, Szechwan 
(probable duplicate seen at the New York Botanical Ga^en, there 
designated as Faber 172). 

A shrub or undershrub up to 1.5 m high, the erect stem unbranched except 
for the special flowering branches, usudly minutely puberulent or lepidote; 
leaves membranous, elliptic-lanceolate or narrowly oblong-lanceolate, acute 
to long and slenderly acuminate, 6 to 15 cm long, 1.5 to 4 cm wide, entire 
or wavy with marmnal glands, usually finely lepidote and raised-punctate 
beneath, the lateral nerves about 8 pairs, the marginal nerve very obscure 
or wanting; inflorescences usually simple, sometimes com|M>und, subumbel- 
late, terminal on special slender lateral branches 5 to 10 cm long, these 
usually with a few normal or reduced leaves near apex, glabrous, mpidote 
or minutely puberulent, usually several in axils of the lower leaves or below 
them; flowers white, 4 to 5 mm long, the sepals 1.5 mm long, oblong-ovate 
or lanceolate, acute or narrowly rounded, not at all or sparsely punctate, 
the anthers not punctate on back; fruit 5 to 6 nim in diameter, somewhat 
punctate. 

Japan to Szechwan. 

Ardlsla cilspa var. ampUfoUa Walker, var. nov. Fig. 2 

Frutex 1-2 m altus, ramulis orassiusculis aspens; folia circa 26 cm longa, 
5 cm lata, elliptico-lanceolata vel lanceolata, subtus obscure punctata. 
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glandulis marginalibuB donata, nerviH latcralibuB 13-20-jugiH Hubtilibus in 
nervum marginalcm non oonfluentibus; inflorcscentiac simplioes subumbi'l- 
latae, in ramulis specialibua brovibus in anthesi fortaasc foliaceis terminales; 



Fisc 1-—(1) Ardxna mapa (Thunb ) A D(»: a, Whole plant with inflorencencea, 
arawn from //enry no. 3465, at the Arnold Arboretum; 6, corolla and stamena, 
X3i; c, stamen, back view, X3J; d, flower with corolla removed, X3i. Details drawn 
from Henry no. 6365, in the U. 8. National Herhanum 

(2) Ardtria criapa var. Dtelni (L4yeill4) Walker* Stem with inflorescences, X}. 
Drawn from Henry no. 13279, In the U. S. National Herbarium. 

sepala 2 mm vel minus longa, glabra, non punotata; fruotus 5-4 mm longus, 
ruWoens, non punotatus. 

Type in the United States National Herbarium, no. 457204, collected by 
A. Henry in the mountains south of Mengtse, Yunnan, no. 96^; duplicates 
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at the New York Botanical Garden and the Arnold Arboretum. Additional 
H)>ecimens seen are Henry 9653A and 9653B, both from the same locality 
and deposited in the New York Botanical Garden 

This vancty differs from the typical form of the species in having thicker, 
rough stems, and larger and broader leaves with about twice as many 
lateral nerves. 

Ardlsla crispa var. Dlelsii (L^veilld) Walker, comb. nov. Fig. 1 (2) 

ArdiHta Ihchti L4veill4, Report. Sp. Nov. Fedde 9: 461. 1911. Based on 

Bodinier (L Martin) 1636 (erroneously cited as L. Martin 1636), 
collected Juno 1,1898, in rocky woods on the college hill at Kouy-Yang. 
Kweichow, deposited in the I.i6veill(j herbanum, now at the Royal 
Botanic Garden, Edinburgh The type has been examined by the writer. 



Fir 2 —Ardiaxa enspa var amplijcha Walker, var nov : a, Branchlet with fruiting 
infloreacenoen, Xl, h, fruit, X31 Drawn from a duplicate at the Arnold Arboretum 
of the typo, Henry no 0C63 

Ardma Henryi var. Dteleti Walker, Journ Arnold Arb 15; 290. 1934. 

Based on A. Dielstt Ldveill^. Handel-Mazzetti docs not recognize this 
variety. 

Ardma hortorum var hrachyaepaHa Hand.-Mazz Symb. Sin Teil 7: 766. 
1936. Based on Handel-MazzeUt 10716 from Kweichow, bamboo 
thicket on a hill at Dodjie between Badschae and DuyUn; limestone 
of the subtropical zone, at altitude 700 m, July 13, 1917, The type has 
been examined by the writer. 

This variety differs from the typical form of the spocioa in having longer 
and more slender leaves, these narrowly long-lanceolate, 12 to 20 cm long, 
1 to 4 cm wide, the lateral nerves very clearly curved-ascending. 

Kwangsi, Kweichow, Szechwan, and Yunnan. 
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Ardibia cbenata Sims 

Ardiaia crenidaia Lodd. Bot. Cab. 1: pL 2. 1817. Nomen nudum, based 

on cultivated spcciincns from China. 

Ardma crenata Sims, Curtis’s Bot. Mag. 45: pi. W50. 1818. Proposed as 

a new name for A. crenulata and accompanied by a description 
Ardieia Unliginosa J. B Ker, Bot Reg. 7: pi 3SS 1821. Pro}>OHcd as a 
change of the name A. crenata Sims, because of A crenala Roxb. Hort. 
Beng* 85. 1814. That name, however, wa^ a nomvn nudum until the 

publication of a description in Roxb. FI. Ind ed Carey 2 : 276 1824. 

This name appears frequently in Japanese literature. 

ArdxBia empa (Thunb ) A. DC , as misapplied in Trans IJnn Soe London 
17: 124. 1834; DC. Prodr. 8: 134 1844 DeCandolle trans¬ 

ferred Bladhia ertapa Thunb but described A . crenaia Sims, which he 
placed as a synonym 

An erect shrub or undershrub up to 1 5 in high, the glabrous stem usually 
unbranched except for the special flowering branches; leaves chnrtaceous or 
coriacoouH, clliptic-lanceolate or oblancf^date, acute or acuminate, 6 to 20 
cm long, 2 to 4 cm wide, generally crisped or undulate, ^uth large albumi¬ 
nous marginal glands, glabrous, usually raised-punctatc at least beneath, 
very sparingly Icpidote below, the lateral nerves 12 to 18 pairs, uniting into 
a generally distinct marginal nerve, this sometimes hidden beneath the re¬ 
curved edge; inflorejicences simple or compound, subumbellate or cymose, 
terminal on special lateral or axillary branches about 10 cm long, thejse 
sometimes up to 16 cm long or longer, bearing a few leaves generally only 
at or near the curved apex, but sometimes scattered, glabrous; flowers 
white or pink, 4 to 6 mm long, the sepals 1.6 mm long, oblong-ovate, rounded 
or obtuse, scattered-punctate, the anthers distinctly punctate on back; 
fruit 5 to 8 mm in diameter, punctate. 

Japan to southern continental Asia 

PALEOBOTANY.— Some American fossil plants belonging to the 
Isoetalea,^ Roland W. Brown, U. S. Geological Survey. 

In 1889 Lester F. Ward^ described at length but did not name some 
sunflowerlike rosettes from two localities in the Fort Union formation 
(early Tertiary) along the Yellowstone River, respectively 12 miles 
above and 28 miles below Glendive, Mont, In The synopsis of the 
flora of the Laramie group published in 1886, he had already alluded 
to these fossils as ^'singular cryptogams." Not, however, until 19J5, 
in Olimpses of the Cosmos, a posthumous volume, did he name them 
XantholUhes prophelicus. 

The general superficial appearance of the more perfect of these 
specimens is that of a flower having numerous long, narrow rays 
attached to a small circular center, the whole sometimes attaining 
a diameter of 30 cm. The rays ore 2 to 3 mm in width for most of 

‘ Fubliahed by permisBion of the Director, Geological Survey, Department of the 
Interior. Received March 1, 1939 

■ Ward, Lbbtbr F. Remarks on an undeacribed vegeUMe organxam from Ike Fori 
Union group of Montana Amer Aaaoo Adv. Sol Proc 37: 199-201 1889 
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their length but terminate in a spatulate, blunt-pointed expansion. 
The particular feature that immediately arouses special interest is 
the presence of two parallel, closely-spaced rows of squarish cavities 
or protuberances, depending on the specimen, through the middle 
of the spatulate expansion and for some distance in the remainder of 
the ray. Ward reported these squarish outlines as being arranged in 
pairs; but examination of numerous specimens shows that alterna¬ 
tions are not rare. ITie spatulate end of the ray has a smooth, lateral 
flange, which, along the narrower portion toward the base of the ray, 
becomes an undulate ribbon or ruffle. Because portions of the rock 
matrix remained in the depressions of the undulations of this ruffle 
when the specimen was uncovered, the ruffle appears broken, and 
Ward supposed that the margin of the ray was toothed. In the speci¬ 
mens seen by Ward the margin is entire; but a (Cretaceous species 
1 collected just east of the ghost town of Cumberland, Wyo., during 
the field season of 1938, has a serrate margin around the spatulate 
end of the ray. In regard to the surface pattern. Ward reported that 
“examination with a high power reveals the presence of a continuous 
epidermal membrane composed of hexagonal cells.” Fig. 4 shows the 
surface pattern magnified 13 times, but the cells ore square to rec¬ 
tangular, not hexagonal. 

In order to determine the affinities of this organism Ward sought 
the opinion of many eminent paleontologists, botanists, and zoolo¬ 
gists, with no very definite results, some even suggesting the possibil¬ 
ity that the fossils might represent an animal, not a plant. The latter 
supposition is not altogether fantastic when viewed in the light of 
remarkable coincidences or resemblances. Thus, in 1900 John M. 
Clarke’ described a marine organism from the Devonian of western 
New York as Paropsonema eryplophya, a supposed echinoderm. 
Clarke’s figures are, however, not so suggestive as they might be if 
they illustrated U. S. National Museum specimen 62048 taken from 
the Ithaca member of the Portage group (Upper Devonian) in the 
excavation for the library at Cornell University. This almost perfect 
specimen is so much like the rosettes here being discussed that, did 
the specimens not occur in totally different environments and at 
widely separated moments of geologic time, they might, on hasty 
or superficial examination, well be confused. 

Ward, however, himself concluded: 

1 am disposed to regard it as a “comprehensive type” of vascular ciypto- 

' Clarks, John M Faropaatuma eryptopkya, a peeuhar eehinederm from the tn> 
tumeeeeru aone (Portage bede) of ueetem New York. New York State Mus. Bull. 39: 
17^186, pis. 6- 9. 1900. 
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gamio life, embodying some of the characters of several well-known living 
types, viz., 1. The large tufted central base is suggestive of most spcoics of 
laoetea, and the long weak stems [rays] of certain of these species are ob¬ 
served to recline and lie prostrate in all directions around this center. 2. 
The double row of spore-cases [median cavities] at the apex of the stem [ray] 
agrees in all essential respects with that of Ophxogloaaum, and the elliptic 
expansions may ^ regarded as homologues of the larger blade-like fronds 
of that genus, which may easily be imagined to have the spores borne along 
its median line instead of on a special fruiting frond. 3. The prostrate 
sinuous habit is not widely unlike that of certain creeping species of Lyco¬ 
podium .... 4. A still further approach is seen in Sd^tneUa where the 
scales have become distichous and the stems flat and closely creeping 
6. Finally, ignoring the appendicular organs of Marstlta, we see in the fruit- 
bearing portion a further analogy to our fossil, the fruiting stems [rays] 
radiating from the thickened base and bearing the spores at their apex *^0 
fossil would thus represent a highly generalized type and may be phylo- 
gcnctically related to all these more siiecialized modem forms with each of 
which it seems to possess some characters in common. 

In his reply dated August 2,1888, to Ward's request for suggestions 
as to the affinities of this organism, Ijco TiCsquereux made two pene¬ 
trating observations. First, the organism looked like that described 
by J. W. Dawson in 1883 as Cnrpolithes horridua. Second, the long 
slender “branches” are “peculiar organs of floating plants.” Coming 
close to the latter idea also was the reply by W. G. Farlow, dated 
July 31, 1888, who inquired, “Have you considered the possibility 
of it being a whorl of inflated leaves like those of the upper portions 
of some Utriculariae?” 

Dawson conjectured that his specimen, described and figured in 
1883 as from Cretaceous strata on the Peace River in northeastern 
British Columbia, was a “compound fruit perhaps of some cycada- 
ceous plant, covered with bracts and rudimentary leaves.” The figure, 
if faithfully drawn, represents an imperfect specimen, showing none 
of the spatulate ends of the rays. In 1886 Dawson renamed his original 
specimen Antholithea horridua and reported additional fragmentary 
material from Cretaceous strata [Kootanie series, according to Daw¬ 
son] on Old Man River, southwestern Alberta. He reiterated their 
reference to the Cycadaceae. 

Ward never published an illustration of Xanlholilhea propheticua; 
but this lack was met by Knowlton in 1923, Cockerell in 1924, and 
Berry in 1935 (see synonymy of laoeltlea horridua for references). 
Knowlton was concerned with a specimen from the Green River 
formation (middle Ekicene) in Colorado, which be confidently referred 
to Danaea. That specimen is a fragment; consequently, when Cock¬ 
erell in 1024 described a better specimen from the Wind River Basin 
of Wyoming as an Ophiogloaaum, Knowlton began to have doubts 
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about hia specimen being a Danaea, and agreed with Berry, who in 
the meantime had received additional material from Wyoming, that 
none of these specimens were Ophiogloasum but were probably related 
to Ward’s Xanthohthea prophettcus from the Fort Union formation. 
However, in n letter dated December 15, 1924, Knowlton remarked 
to Berry that, because his fragment of Danaea lacked the prominent 
flange displayed by the terminal portions of Ward’s Xantholilhes 
prophettcua, it was likely that hia Danaea was after all a different 
thing. In 1930 Berry reviewed the whole matter, calling all the Wyo¬ 
ming and Colorado material simply “sporophylls” and suggesting 
that these organisms “might represent a relict form of some member 
of the Williamsoniales.’’ In 1934 1 also reviewed the situation insofar 
as it concerned the Danaea specimen from the Green River formation 
and suggested that it be considered tentatively as distinct. With 
most of the specimens referred to in the discussion up to this point 
before me and with new collections made during the past few years 
of field work in Montana, Wyoming, and Colorado, I am now of the 
opinion that all these organisms ore congeneric and represent species 
belonging to the Isoetales. The basis for this opinion will be apparent 
after considering the evidence derived from a reexamination of some 
features of the specimens and bringing all information about these 
organisms up to date. 

The epidermal pattern of rectangular cells covers the entire surface 
of the rays uniformly; that is, it may be observed not only on the 
smooth surface but in the median depressions and protuberances of 
the “spore cases” and the undulations of the marginal ruffles as 
well (Fig. 4). If the median squarish outlines were indeed spore cases, 
these areas should display a somewhat broken or heterogeneous sur¬ 
face; but this is not the case; the surface is a homogeneous pattern 
throughout. I conclude, therefore, that these rays were leaves with 
crispate or wavy membranous margins in the basal portions and with 
midsections that carried a double row of undulations that may have 
been sharp wrinkles or the external outlines of internal air sacs, 
which, on fossilization, collapsed, leaving a series of squarish cavities. 

Firs 1, 2, 4, 5 —Iioeltlai nerratua Brown, n sp Figs 1 and 2 show dichotomous 
roots beneath the rosettes of leaves Fig 4 shows the surface pattern of a leaf, X13 
Fig 6 IS the spatulste end of a leaf showing the serrate margin, the ruffled, mem¬ 
branous, lower margin and the parallel rows of median squarish depressions, X2 From 
the Frontier formation (Upper Cretaceous), 1 mile east of Cumberland, Wyo 

Figs. 3, e —laoetUeB norndua (Dawson) Brown, n comb Fig 3 shows a section of 
the corm, a set of spirally arranged leaf soars, and a circle of sporangia, ms (micro- 
sporangia), ma (megasporangia), at the bases of an outer whori of leaves, X3 From 
the Fort Union formation (early Tertiary) on Poison Spider Creek, 36 miles west of 
Casper, yfyo. Fig 6 Is the spatulate end of a loaf showing the entire mamn, X3 
From the Fort Union formation on the Yellowstone River at Burns Ranch, Mont. 
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Figi 1-6 —(See opposite page for description ) 
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It should be noted that the outside margins of these median undula¬ 
tions are not so sharp as those on the inside but generally fade im¬ 
perceptibly into the broad marginal flange. There is no trace of vena¬ 
tion in these leaves, except for a thickened median line that may have 
been a structure analogous to a midrib. Transverse to this ‘'midrib,” 
especially in the proximad portion of the leaf, are scattered bars that 
may have been internal septa. 

The plant with its radial arrangement of leaves constituted either 
a floating rosette or one that was close to the soil or mud in a well- 
watered situation. In the specimens (Figs. 1, 2) from the base of the 
Frontier formation in Wyoming 1 found immediately beneath the 
rosette a radiating system of dichotomous, filiform organs that appear 
to have been roots. The leaves of the rosette were attached spirally 
to a very much shortened, thick, upper portion of a stem or corm. 
This is clearly shown in a specimen (Fig. 3) which I collected in 1936, 
together with piuch material of the separate, broken leaves, from 
the Fort Union formation on Poison Spider Creek, 35 miles west of 
Casper, Wyo. At Burns Ranch, Mont., Xantholithea prophelicua is 
associated on the same slabs of rock with Trapal microphylla Les- 
quereux, a hydrophyte with a floating rosette and submerged, fim¬ 
briate, filiform leaves, anchored by a threadlike stem or root.* 

Finally, the specimen (Fig. 3) from Poison Spider Creek also for¬ 
tunately preserves the clue to the identity of all these specimens. 
At the bases of the leaves are elliptic bodies of two kinds, one filled 
with large cavities (me) that were once occupied by rounded objects 
having ridges and a variety of surface sculpture, the other filled with 
cavities (mt) only one-third or one-fourth the size of the former and 
once filled with rounded objects that appear to have been compara¬ 
tively smooth. The comparison of these elliptic bodies and their 
contents with the sporangia and the megaspores and microspores of 
laoetes is obvious and is strengthened when the entire anatomy of the 
fossils and their habit are compared with those of laoetea. 

The interested reader will find a detailed discussion of the quill- 
worts, laoelea, in Pfeiffer* and Clute.* It will be sufficient for the 
present purpose to cite only the facts that may apply to the speci¬ 
mens under discussion. 

laoetea is essentially a rosette of numerous, short, rushlike, pointed 

• Brown, Roland W , and Houldsworth, Edgar. The frutt of Trapat micros 

pfcyilo Leaquereuz. ThU Journal 29: 36-39, Brs 1-9 1939 

• PrsiFram, Norma Monograph of ike leoetaceae Ann Misaouri Bot Card 9: 
79-232. 1022. 

• Gluts, Willard N. The fern aUtea New York 1906. 
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leaves, with Bporangia in their axils, attached spirally to a very com¬ 
pact 2- or 3-lobed corm from the hollows of which arise many dichot- 
omously branched roots. A single collateral bundle runs through the 
center of the leaf, and this, together with some surrounding tissue, 
separates the hollow interior into four parallel chambers having many 
cross partitions. I*roxiinad the leaves have membranous margins, 
and on the inner face near the base they carry a little flap of tissue 
called a ligule. The surface pattern is a homogeneous fabric of rectan¬ 
gular cells. Only the outer, earlier whorls of leaves produce sporangia, 
the outermost producing megaspores, the inner, microspores. Both 
are produced on the same plant, but in some species at different sea¬ 
sons. The megaspores can be seen with the naked eye, but they are 
generally 10 to 20 times larger than the microspores. The megaspores 
are white, divided equatorially by a ridge into two hemispheres, one 
of which is no farther divided, but the other is divided by ridges into 
three nearly equal triangular areas. The surface is variously patterned 
with spines, tubercles, pits, and serpentine forms, affording important 
features for specific identification. The microspores are somewhat ir¬ 
regularly oblong and have a smooth or slightly roughish surface. 
There are about 50 species of laoelea, with representatives in most 
parts of the world, but in general each species is remarkably re¬ 
stricted. So far as habitat is concerned, they are classed as sub¬ 
merged, amphibious, and terrestrial. 

By comparison with the data just given, the fossils differ from all 
living species of laoetea in the following particulars: (1) The mega¬ 
spores are only 3 or 4 times the size of the microspores, unless the 
objects hero called microspores are immature megaspores. (2) The 
leaves terminate in spatulate ends, with or without serrate margins. 
(3) As the specimens showing sporangia are fragmentary at the point 
where ligules should be looked for, nothing is definite as to the pres¬ 
ence or absence of a ligule. (4) The outline of the cross section of 
the corm, although somewhat irregular, shows no lobing. 

Fossils most similar to the American specimens have been described 
by Saporta' from the Lower Cretaceous of Portugal as laoetea choffali, 
now called Isoetites choffalx (Saporta) Seward.* Reviewing the fossil 
Isoetaceae, Seward remarked that "if Saporta’s . . . species ... is 
correctly determined, it is the oldest fossil member of the family and 
indeed the most satisfactory among the more than doubtful species 


' Sapobta, La Mabquib di Flore foenle du Portuaal. 
Portu^, p. 134, pi. 2^ fig 2b, 2-11; pi 26, figs 6-8; pi 27, fig. 
•ffiiWABD, AC Foenlplanta 2iM-W 1910. 


Diieot Trav Geol. 
S, 1804. 
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described as extinct species of laoetea .. . . Such evidence as we have 
lends support to the inclusion of these Portuguese fossils in the genus 
Isoetea, but apart from the fact that wo have no proof of any con¬ 
nexion between the stems and supposed sporophylls, the resemblance 
of the latter to those of Isoetes is, perhaps, hardly sufficient to satisfy 

all reasonable scepticism.” It is hoped that the skepticism, 

avowed by Seward in regard to Saporta’s Portuguese specimens, may 
now be removed by the evidence supplied from the American speci¬ 
mens reported here. As regards Saporta’s laoetopna avhaphyUa from 
the Elocene of Aix-en-Provence, continued doubt as to its relationship 
with the Isoetaceae must be entertained. 

Although not founded upon very satisfactory material, the genus 
laoetitea Mlinstcr seems to have precedence and to be most appro¬ 
priate for the fossils here under consideration. I distinguish two 
American species: laoelitea aerratua Brown, with spatulate leaf ends 
having serrate margins, and laoelitea horridua (Dawson) Brown, with 
spatulate leaf ends having entire margins. 

To £. W. Berry and W. R. Maxon I am grateful for specimens and 
an exchange of ideas concerning these fossils. 

All specimens figured here are in the U, S. National Museum. 

Isoetites serratus Brown, n. sp. Figs. 1, 2, 4, 5 

Rosettes of narrow, strap-shaped leaves with spatulate ends having a 
serrate margin The margin of the narrow portion of the leaves is entire, 
membranous, and ruffled. The median line of the leaves is marked by two 
parallel, closely spaced rows of squarish cavities or protuberances, depending 
on the specimen Immediately ^ncath the rosette of leaves is a radiating 
system of dichotomously branched roots. The leaves and roots are attached 
to a rounded, compact corm. 

This species differs from laoehtea horridua (Dawson) Brown chiefly in 
having a serrate margin around the spatulate ends of the leaves. Whether 
some other Cretaceous specimens now synonymised with / horridua should 
be included with /. aerratua in a question that can be decided only when 
better-preserved material from those localities is found. 

Occurrence —Base of the Frontier formation (Upper Cretaceous), in 
shales weathering white, exposed in a bluff on the south side of Little 
Muddy Creek, 1 mile cast of Cumberland, Wyo. (Figs. 1, 2, 4, 5). 

Isoetites horridus (Dawson) Brown, n. comb. Figs. 3, 6 

Carpohthea homdua Dawson, Roy. Soc. Canada Trans. 1 (see. 4): 21, pi. 1, 
figs. 3, 3a, 36. 1883. 

Anlholtlhea horridua (Dawson) Dawson, idem. 3 (sec. 4): 7. 1886. 
Vegetable organism, Ward, Amer. Assoc. Adv. Sci. Proc. 37: 196-201 
1889 — Idem, 6th Ann. Rept. U. 8. Geol. 8urv.: 534, 544>» 1886. 
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Xaniholithes prophelicua Ward, Olimpsea of the Coamoa, p. 150. 1916.— 
Berry, Geol. Surv. Canada Mem. 182: 65, pi. 20. 1^5. 

WiUiamonia marylanduxL Berry, Upper Crelaccoua, Maryland Geol. Survey, 
p. 760, p. 51, figs. 5, 6. 1916. 

Danaea coloradenaia Knowlton, U. S. Geol Surv. Prof. Paper 131: 150, 
pi. 36, fig. 4. 1923.—Berry, Torreya 24: 49. 1924.—Brown, U. S. 
Geol. Surv. Prof. Paper 185-C: 52 1934 

Ophiogloaaum haatattforme Cockerell, Torreya 24: 10, with text fig. 1924. 
XanthoUthea haatattformia Cockerell, Torreya 26: 10. 1926. 

Sporophylls, Berry, U. S. Geol Surv. Prof Paper 165: 78. 1930. 

This species is morphologically similar to laoetttea aerratua Brown, except 
that it appears to be represented by larger specimens and has entire margins 
around the spatulatc ends of the leaves The specimens from Poison Spider 
Creek, Wyo , in addition show sporangia in the axils of the leaves, the only 
American examples so far reported These are similar to laoehlea choffalt 
(Saporta) Seward from Portugal, but as the latter species is not represented 
by specimens showing the character of the leaf ends, it is not possible to 
make further compansons between it and the American species. 

It may be that I have included in the synonymy some names attached 
to fragmentary matenal which when better material from the same localities 
or fonnations is found may necessitate some reallocations In the meantime 
the books will be cleared of a number of names now given to several in¬ 
complete specimens 

Occurrence.—ln Cretaceous (according to Dawson), on forks of Pine 
River and Peace River, Bntish Columbia; Kootanie senes (according to 
Dawson), on middle branch of north fork of Old Man River, southwestern 
Alberta; Mentor formation (Lower Cretaceous), 8 miles south of Hanston, 
Hodgeman County, Kans., Magothy formation (Upper Cretaceous), little 
Round Bay, Anne Arundel County, Md.; Tullock formation (early Ter¬ 
tiary), on Moon Creek, 10 miles west of Miles City, Mont.; in carbonaceous 
shales (early Tertiary) in North Dakota, 3 miles north of Watauga, South 
Dakota; Fort Union formation (early Tertiary), on Poison Spider Creek, 
35 miles west of Casper, Wyo (Fig. 3); idem, west flank of Cedar Creek 
anticline, 12 miles southwest of Glendive, Mont; idem, left bank of Yellow¬ 
stone River at Bums Ranch, 28 miles northeast of Glendive, Mont. (Fig 6); 
Ravenscrag formation (early Tertiary), northwest sec. 35, T. 5, R. 1 W. of 
3d meridian, Saskatchewan; probably Wasatch formation (Flocene), south¬ 
west i sec. 18, T. 6 N., R. 4 W., north of Tipperary, Wyo ; Green River 
formation (middle Eocene), Rio Blanco County, Colo. 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

BOTANICAL SOCIETY 
290th meeting 

The 290th regular meeting was held May 3, 1938^ in the asHombly hall of 
the Cosmos Club, President Gravatt presiding; attendance 86 Morris A. 
Hubkrman was elected to membership 

Notes and Reviews —M. C Merrill called attention to tho Boysen 
berry, which was advertised as being adapted to Eastern United States. 
Kenneth Raper called attention to the program of the Virginia Academy 
of Sciences being held May 5, 6, and 7 at Blacksburg, Va 

Program ,— Walter T Swingle: New methods uixlxzed xn studying the 
taxonomy of the orange subfamily (Albert H Tcllison demonstrated 
microtome sections of flowers from herbanum material.) In 1918 Prof. H. 
O. Juel, of the University of Uppsala, Sweden, published a taxonomic study 
of the plant family Rosaceae He had to use herbarium matenal for some of 
the genera and devised a method of restoring dried flowers and young fruits 
by softening them, first in hot water, then in hot dilute ammonia. This 
material was then dehydrated, imbedded in paraffin, and cut into senal 
microtome sections. 

With tho skilled assistance of A. H. Tillson, Dr. Swingle has used JnePs 
method with good results in a taxonomic study of Citrus and related genera. 
Some 160,000 serial sections were made, mostly from herbarium matenal. 
Jucl’s method has been improved in sonic details; for instance, by treating 
the softened and swollen matenal with a suitable fixative before dehydrat¬ 
ing it Very hard matenal was desilieified and softened by treating carefully 
with the proper strength of hydrofluonc acid, which has been used so effec¬ 
tively by Prof. E C Jeffrey. All these treatments were carried out in such 
a manner as to permit the best and most bnlliant double staining of the 
tiasues. This imjiroved method made it possible to work out a new classifica¬ 
tion of the orange subfamily Aurantioideae and to add several new genera 
and a few new subtnbes that permit a natural arrangement of all the genera. 

Lantern slides were show n of longitudinal and cross sections of flower buds, 
flowers, and young fruits taken from herbanum specimens. Doubled-stamea 
permanently mounted microtome sections of such material were demon¬ 
strated with a compound microscope. 

Haig Dermen. Cytologxcal analysis of polyploidy induced by colchicine 
and extremes of temperature Tho methods of inducing polyploidy in the 
meiotic and somatic cells of Rhoeo discolor with colchicine and temperature 
changes were desenbed Gross and oytolomcal observations were pre¬ 
sent^ concerning somatic changes brought aoout by colchicine treatment 
of the Rhoeo flower parts. It was found that colchicine enters tissues and 
inhibits cell division, while the nucleus and cell volume may increase, pre¬ 
sumably, as long as colchicine is present in sufficient quantity to be effective 
until such an increase b checked by some other factors. 

Colchicine is effective on both premeiotic and meiotic cells. Pollen mother 
<^lls derived from affected prcmciotio tissue may be 4n, 8n, or higher, de¬ 
pending upon how young the treated buds were at the time colchicine was 
appUea and how maiw times division in the premeiotic cells has previously 
failed before being ffifferentiated into meiotic cells By affecting normal pol¬ 
len mother cells, either diploid pollen grains arc pr^uced if the effect of 
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colchicine is after reductional division or tetraploid pollen grains if the effect 
is before reductional division. The treatment was apparently ineffective in 
causing chromosome doubling in microspores. 

The immediate result of temperature treatments was the same as that of 
colchicine. However, it was shown that the effect of temperature changes is 
immediate and not extended, as is usually the case with colchicine Here lies 
the most important difference in the effects of these two methods. It was 
suggested that temperature effect may be more specific on chromosomes, 
while colchicine effect may be more specific on cytoplasm. 

Evidence was presented to account for the fact that by temperature- 
treatment the percentage of polyploid seeds in heat-treated material is small, 
and an attempt was made to account for the rarity of polyploidy occurring 
in nature. 

In temperature-treated material, fragmentation, fusion, and chromatin 
bridging occurred. It was suggested that clum])ing brought about by 
temperature treatment is responsible for these features. 

Some suggestions wore presented for plant breeders who are interested in 
doing experiments in polyploidy. 

Eric Hulten (Curator of Herbarium, Lund, Sweden). Flora of Alaska. 

2<J1st meeting 

The 291st meeting was held October 4, 1038, in the assembly hall of the 
Cosmos Club, President Gravatt presiding; attendance 90. 

Notes and Reviews, —M. B. Waite exhibited seeds from bamboos growing 
at Stony Run near Baltimore. He also stated there was a large crop of 
persimmons this year although other fruit crops were small. The persimmon 
blooms in June. It ripened in September in southern Maryland one month 
before frost. 

Frank Thonc exhibited several new books: HerixUs, by Agnes Arber; 
The world was my garden—Travels of a plant explorer, by David Fairchild; 
Textbook of general hoUiny^ by Hollman and Robbins; Ferns of Soulheasiern 
Stales^ by John Kunkol Small; Tree growth^ by D. T MacDougal; Flora of 
Costa Rica, publication of the Field Museum; Famous trees^ a U. 8 Depart¬ 
ment of Agnculturc publication; Textbook of pharmaceutical botany, by H. W. 
Younker. 

Program .— William A. Dayton: Ecology of western range plants. The 
U. 8. Forest Service is primarily concerned witli a multiple-use land problem, 
in which forest, range, wildlife, recreation, water, sociological, and other 
phases must be correlated and integrated Nearly 40 percent of the land 
area of the United States (728 milhon acres) is in range, of which about 90 
million acres are in national forests. Forest Service range research is chiefly 
concentrated at six forest and range experiment stations. Range vegetation 
is chieflv composed of over 10,000 species of flowering plants, about 1,000 
of which are "key” plants, on which adequate range man^ement must 
primarily depend. The approach to their study is an ecological one. Pub¬ 
lished research on range plants, in addition to the strictly economic phases, 
physiology and chemistry, thus far largely concerns succession, methods of 
reproduction, life history, indicator values, and reaction to biotic factors. 
Use of the quadrat to help solve land-management problems appears to have 
been initiated in 1907 in range studies on the Wallowa National Forest, 
Oregon. 

L. F. Martin : Proteins in healthy and mosaic tobacco. Developments in 
plant vims investigations leading to the isolation of paracrystalline and 
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crystalline virus nuoleoproteins were reviewed briefly. The problem of virus 
multiplication has thus become a problem of protein synthesis. The nature 
of this synthesis is still obscure, as revealed by recent speculations of Berg- 
mann on the ''organiser hypothesis’* and his suggestion that all proteins are 
their own organisers. 

The unusual resistance of native virus nucleoprotein to tryptic digestion 
makes it possible to estimate the amount of this substance in whole plant 
tissue, and to determine its rate of synthesis and relation to the normal 
protein fraction Results of a preliminary study of the changes during the 
course of infection show that displacement of normal proteins hy virus pro¬ 
tein occurs only during the first three to five days after inoculation. Follow¬ 
ing this there is a very rapid accumulation of virus protein, accompanied by 
increased production of total proteins, so that the virus protein is present in 
excess of the normal proteins. During the later stages until maturity the 
amount of virus protein diminishes gradually. Further work along these 
lines is required to explain the mechanism of these changes involved in the 
production of virus in the host. 

G. R. Fessenden. Preservation of plant color in plant specimens. This 
process has been in development for 13 years and is still not yet out of the 
experimental stage. It consists essentially in immersing fresh plant material 
in complex viscous mixtures, which tend to set pigment colors and fix tis¬ 
sues, at the flame time removing cell-sap. A wide range of formula modifica¬ 
tion is necessitated by indi vidu^ biochemical differences of various types of 
plants. When pigments and tissues have thus been preserved, specimens are 
scaled between cellulose films (or between glass and film) so as to be pro¬ 
tected from mechanical injury and damage from insects or mold. Mounts 
are provided with backgrounds that may hinged to allow viewing of both 
sides. 

Specimens thus preserved and mounted are suited for museum display; 
herbarium reference use; amcultural records and demonstrations (especially 
for plant breeding, pathological conditions, and nutritional deficiencies); 
educational use in class rooms and libraries, horticultural exhibits; plant 
exploration. 

Alice M, Andersen, Secretary 
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PALEONTOLOGY .—A further contribution to the Dragon PaHeocme 
fauna of central Utdh} C. Lbwib Gazin, U. S. National Mu¬ 
seum. 

Additional material of Paleocene Mammalia from the upper por¬ 
tion of the North Horn formation in central Utah was obtained by 
the 1038 Smithsonian Institution expedition in search of fossil verte¬ 
brates. The greater part of the collection was made from deposits of 
limited exposure in Dragon Canyon, in the western half of section 
8, T. 10 8., R. 6 E. A few specimens were collected at a locality on the 
south end of Wagon Road Ridge to the west of Dragon Canyon and 
at a much higher elevation. The North Horn formation, together 
with the capping Flagstaff limestone and the older rocks, is much 
faulted in this region, and the Paleocene deposits in Dragon Canyon 
are a part of a depressed block separated by one or more north-south 
striking faults from the higher standing rocks of Paleocene age in the 
mountainous masses to the east and to the west. 

The new materials collected during the 1038 season show the Drag¬ 
on fauna to be more varied than had been recognized from the less 
extensive, though important, collection made in 1037. The specimens 
so far foimd are more fragmentary than the average of those coming 
from the better known deposits in the San Juan Basin and Crasy 
Mountain fields. In addition to crocodile and champsosaurid re¬ 
mains, the collection now includes material representing about 10 
mammalian forms, of these 0 are recognized as new species, and three 
new genera are proposed. The following is a list of the Mammalia: 

Multituberculata: 

Calopaalu ulaheneis, n. sp. 

Piilodus sp. 

Insbctivora: 

Aphrowrua eimpaoni Gazin 

Insectivore? gen. and sp. undet. 

Pbiicatxb?: 

Primate? gen. and sp. undet. 

I Published by permission of the Seoietary, Bmithsonien Institution. Reoeived 
Mereh 1, im 
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Taeniodonta: 

ConorycteUa dragonenaia, n. gen. and ap. 

Carnivora : 

Protogonodon^ apiekeri Gann 

OxycUunua’t ap. 

Oxyclaenid near Trieentes 

Didymictiat ap. 

TALianAOA: 

Periptychua gtlmorei Gasin 

Aniaonchiia dracua, n. ap. 

Aniaonchua onoatua, n. ap. 

Ilaploeonita inopin^ua, n. ap. 

Condylakthra; 

Dracoclaenua griphua, n. gen. and sp. 

Kllipaodon ahepherdi, n. ap. 

Ellipaodon? atember^, n. ap. 

EUtpaodon? ap. 

Jepaenia mantieTiaia, n. gen. and ap. 

Most of the above forma are rather sparsely represented, the Con- 
dylarthra including the more common forms. Material of EUtpaodon 
and of the new group Dracoclaenua is relatively most abundant, al¬ 
though that of periptychids, especially Periptychua gtlmorei, is not 
uncommon. 

The intermediate character of the fauna between that of the Puerco 
and that of the Torrejon, previously noted in the relationships of 
Periptychua gilmorei and of Protogonodont apiekeri, is further indi¬ 
cated in the relationships of ConorycteUa dragonenaia and of Am- 
aonchua dracua. These have related types in both the Puerco and 
Torrejon faunas. The remaining forms in the Dragon fauna either 
do not have comparable types in one or the other of the two San 
Juan horizons or the material is too fragmentary to permit more than 
the most casual compariaons. Five of the forms listed—Catopaalia, 
Ptilodua, Aphronorua, Didymictia, and Haploconus —suggest in name 
a closer approach to the Torrejon stage. Such may be the case; how¬ 
ever, since the ancestry of these forms in the Puerco horizon is not 
known, the relative position in time which they suggest is doubtful. 
The problems of each of the forms will be discussed under their re¬ 
spective headings. 

I wish to acknowledge the courtesy extended by Dr. Walter 
Granger in permitting comparisons with Paleocene materials in the 
American Museum of Natural History and by Dr. Glenn L. Jepsen, 
of Princeton University, in permitting me to examine Paleocene ma¬ 
terials from the Big Horn Basin. The drawings illustrating certain of 
the Dragon specimens were made by Sydney Prentice. 
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SYSTEMATIC DESCRIPTION OF THE MATERIAL 

IftrLTITUBEBCULATA 
CatopsallB utahenaiB, n np. 

Type .—Ijcft Ml, U.S.N.M. no. 16757. 

IJorizon and locality .—Dragon Paleocene, Dragon Canyon, Emery Coun¬ 
ty, Utah. 

Specific characters .—Cuap formula: M, 6:4. Length of Mi approximately 
12 mm. Width 6.5 mm. 

Description .—A single first lower molar ia recognized as representing a 
taeniolabid multituberculate. The tooth exhibits the simple type of pattern 
seen in Catopsalis from the Torreion rather than the more speoialiied dental 
structure of the Puerco Taeniolabta. It differs from species of Catopsalis 
known from the Torrejon of the San .Tuan Basin in the cusp formula of M,. 
In Catopsalis foliatus it is 6 :4, and in C. fissidens the formula is 6 :5 or better. 
Moiwver, the tooth appears relatively wider than in either of the Torrejon 
species. C. calganensis Russell from the Paskai^ was described from a sec¬ 
ond lower molar; bonce no satisfactory comparison is possible. 

The relative position in time of the genera Taeniolabta and Catopsalis, as 
pointed out by Granger and Simpson, appears paradoxical; consequently 
one should expect to find, eventually, other taeniolabids representing an¬ 
cestral stages of Catopsalis in beds earlier than Torrejon. The single tooth of 
C. titahensis does not seem to present any significant evidence as to ancestral 
stages in the development of the genus Catopsalis, but appears only to ex¬ 
tend its known geologic range to a somewhat earlier part of the Paleocene. 

Ptilodus sp. 

A lower jaw fragment, U.S.N.M. no. 15730, including the basal portion 
of the incisor and the anterior part of P 4 is considered to represent Ptilodas, 
a conclusion in which Dr. G. L. Jensen of Princeton University concurs. The 
material is too incomplete to permit specific comparisons, but the specimen 
indicates an animal not greatly different in size from Ptilodus mediaems of 
the Torrejon. 

Material of Ptilodus is not known elsewhere in beds earlier than Torre¬ 
jon; hence a consideration of the development of Ptilodus during earlier 
Paleocene time remains speculative and based on what is known of related 
types in the Cretaceous, Hero again, vide Granger and Simpson, the position 
of Ptilodus relative to the more specialized Eucosmodon, known from the 
Ihierco as well as the Torrejon, seems capricious but indicates a diversity of 
phyletic lines. 


INBECTIVOBA 

AphroBorus simpsonl Gazin 

Only a few fragmentary specimens of this form were obtun^ by the 1938 
expedition. These add little or nothing to the diagnosis made in the original 
description. Except for a noticeably worn upper molar, tentotively referred 
to this form, the material consists of lower teeth or jaw portions. 

Insectivore? gen. and sp. undet. 

A jaw fraraent with Mi and perhaps other isolated teeth may represent 
one of mor^nsectivora other than Aphronorus. 
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FRIVATBS? 

Piinute? gen, and sp. undet. 

In a fragment of a jaw^ U.8.N.M. no. 15719, a molar tooth, Mi or M|, in 
which the crown of the tngonid is broken away, exhibits a talonid portion so 
closely resembling that in the Fort Union primates as to indicate strongly 
affinities with that group. The heel shows a wide basin with a prominent 
hypoconid and somewhat less important cntoconid, no accessory cuspules 
and the posterior w^ of the tooth appears only slightly convex between the 
two cusps. The specimen is close to raromomys miUurus Gidley in size but 
probably does not represent the same genus. The talonid portion has a width 
of 2 mm. 

If the affinities of this very fragmentary specimen are properly under¬ 
stood, it represents the earliest primate known. 

TAENIODONTA 

Conoryctella, n, gen. 

Type.—Conorydella dragonenstSf n. sp. 

Genenc characiera .—Near Conoryciea but not molariform, tritocono 
(mctacone) not comparable to protocone and deuterocone in development, 
and no indication of a metaconule. Teeth loss hypsodont, cusps lower, with 
heavy cingulum around outer cusps of upper molars. Mesostyle less promi¬ 
nent. Paraconid in Mi? unreduced in a referred specimen. 

Conorcytella dragonensis, n. Hp. Fig. 1 

Type —Portion of loft maxilla with to M*, U.8 N M. no. 15704. 

Horizon and locality —Dragon Paleoccne, Dragon Canyon, Emery Coun¬ 
ty, Utah. 

Specific characters —Smaller than Conoryctes comma but much larger than 
OnychodccUs ttsonensis. 

Description .—The upper teeth, made the type of ConorycteUa dragonensis, 
are only a little smaller than in Conoryctes comma but diatinctly larger than 
in Onychodectes tisonensis. The Dragon form is about intcrmechate between 
these two species in degree of hypsodonty. P is not so nearly molariform as 
in C. comma and has the lingual portion more compressed anteroposteriorly. 
The protocone and deuterocone arc prominent conical cusps, and the tri- 
tocone, though damaged, is seen to be but weakly developed as compared to 
the two other cusps. The lingual portion of this tooth does not appear cres¬ 
centic; nevertheless, a low crest or cingulum extends along the posterior por¬ 
tion between the deuterocone and tritoconc. 

The paracone and mctacone in the first two molars, as far as preserved, are 
seen to be conical and low and are separated from the outer margin of the 
teeth by a heavy cingulum. The mesostyle, though present, is not so strongly 
developed as in C. comma. It is absent in O. tisonensis. The anteroexternu 
and posteroexternal angles of the teeth are more rounded than in 0. Hsonen- 
sis and do not exhibit styles at these points such as in the Puerco form. 

The anteroposterior diameters of the upper teeth, P to M*, are approxi- 
nuttely 7.5, 8.2, and 7.4 mm, respectively. Any transverse measurements 
would be highly arbitrary. 

A lower jaw fragment, U.S.N.M. no. 15722, with a molar tooth, appar¬ 
ently Ml, may represent ConorycteUa dragonensis, although it is from an in¬ 
dividual somewhat smaller than the type. The tooth is Mout intermediate 
between 0. tisonensis and C. comma in hypsodonty but apparently a little 
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nearer 0. tiaoneneis in size. The trigonid of the tooth poBseasea a moderately 
developed paraconid situated much as in Mi of 0. tisoneims. The heel or 
talonid, though partially obscured by matrix is relatively broad, appears to 
be draply basined and to have a somewhat cospidate crest, approaching the 
condition seen in C. comma. 

The Draron lower tooth does not exhibit the basal accessory cuspule an- 
teroextemal to the hypocone seen in Onychodectes ranut. 

CARNIVORA 

Protogonodon? spiekerl Qazin 

Only a third upper molar and a portion of a lower molar of Protogonodonl 
sptefcm* were added to the collection by the 1938 expedition The chara(;ters 
of these teeth were known from material collected in 1937; hence nothing 
new can be added to the diagnosis of this form. 

Oxyclaenus? sp. 

A lower jaw fragment, U.S.N.M. no. 16776, with Mi and part of Mi, re¬ 
sembles closely, in the characters of M|, a lower tooth belonging to the type 
Oxyclaenus simplex and material referred to 0. cusfpidotus. It differs from 
these only in having the crest connecting the paraconid and protoconid ex¬ 
tending slightly less anteroextemally, in the absence of a very small cuspule 
probamy unimportant, anterior to the entoconid, which tends to close the 
talonid basin internally in the Puerco material, and in somewhat less de¬ 
velopment of the hypoconulid. The second molar has about the proportions 
of the lower tooth belonging with the type of 0, simplex and exhibits a well- 
marked external cin^lum. 

Another lower molar, no. 15784, apparently an Mi, possibly of the same 
form, is distinguished by having the paraconid somewhat more median in 
position and lacking the external cingulum. 

Oxyclaenid, near Tricentes 

An isolated upper molar, U S.N.M. no. 15783, apparently Mi, is recog¬ 
nized as coming /rom an oxyclaenid type of creodont belonging to or near 
TricenUs, The tooth is about onc-hfth smaller than in Trxeentes subtrigonus 
from the Torrejon. The cusps have al^ut the same conical appearance, and 
the hvpocone occupies a position equivalent to that in Tricentes, also, the 
cingulum is not continuous across the buccal surface of the paraconc, a con¬ 
dition characteristic of M* in TricefUes, However, the enamel appears less 
rugose than in T. subtrigonus and the cingulum lingually is not continuous 
across the protocono. 

Didymictis? sp. 

A fourth lower premolar. U S.N.M. no 15763, apparently represents the 
genus Didymictis, The tooth is only slightly smtuler than in Didymictis hay- 
denianiLs from the Torrejon but does not have the first cuspule posterior to 
the large cusp so distinctly set off from t^ primary cusp. The cuspules of 
the talonid are more nearly in the median line of the tooth than was observed 
in D. haydenianus. The tooth is distinctly larger than in D, microle^ from 
the Craiv Mountain locality in the Fort Union of Montana. 

An isolated fourth upper premolar may possibly belong to Didymictis but 
is too small to belong to the form represented by the lower tooth. Moreover, 
the deuterocone portion does not extend forwa^^ so markedly as in the Tor¬ 
rejon material of DidymietiSf a condition suggestive of IcHdopappus^ but the 
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posterior cu^, though prominent, is not developed into so nearly a shearing 
blade as in either DidymiMs or Icitdopapptt$, 

TALIOBABA 

P 6 r 4 »tychu 8 gilmorei Gazin 

Several additional si^cimens of this large peritychid were obtained in 1938, 
the most significant being portions of the right and left rami of a lower jaw, 
U.S.N.M. no 15689, exhibiting P 4 to Ma. This material further warrants the 
conclusions drawn from the upper dentitions figured in an earlier paper. The 
lower teeth are also nearly intermediate in most respects between Carsiop- 
tychna coarctaius from the Ihierco and Perx'ptychi^ cartnidens of the Torrejon. 
The protocone of P 4 is not directed postcnorly so markedly as in C coarcUi- 
tU8, and a small anterointemal cusp is present, this being prominent in P, 
earinidena but usually absent in C. coarciaitia. On the posterointernal por¬ 
tion of the tooth there is a small cusp; tho talonid. however, is not developed 
BO much as in P. carinidena. The extent to whicn a metaconid bos become 
distinct from the protoconid can not be exactly determined, owing to wear, 
but it is clearly not separated to the extent seen in P. carinidena. 

The lower molars are wider than in the Carstopiychua material at hand but 
not 80 wide as is common in Torrejon material of PeriptychiLa, These teeth 
show a slight cingulum around the external side, which was not observed in 
material of the other forms. The small seventh cusp located about in the 
center of the crown of the lower molars of Periptychua cartnidena is not pres¬ 
ent in the first two molars of P. gilmorei but is weakly developed in Mj. This 
cusp is not known in Caraioplychua. 


Tabli 1 —Mbaburbuhntb (ih Millimbtbrb) or Lowbb 
Tebth or Pmidychm gilmorei 



p. 

M, 

M, 

M. 

AnteropoBteiior diameter , 

11 

10 3 

10 

11 5 

TranaverBe diameter 

9 0 

ft 7 

9 7 

9 


Anisonchus dracua, n. sp. Fig. 2 

Type .—Maxillary fragment with P* to M*, U.S.N.M. no 15746. 

Horizon and localUy ,—Dragon Paleocene, Dragon Canyon, Emery Coun¬ 
ty, Utah. 

Specific charadera .—Intermediate in position of cusps and in relative pro¬ 
portions of the upper cheek teeth between Antaonchua giBtanua and A. sec- 
tortus 

Description .—The maxillary fragment, no. 16745, with cheek teeth P* to 
M* inclusive, clearly belongs to the genus Antaonchua and is intermediate in 
the observed characters between A. giUtanua and A. aedoriua of the Puerco 
and Torrejon, respectively. As has noted in the comparisons of Pert- 
ptychua gilmorei with comparable forms in the Puerco and Torrejon, the up¬ 
per cheek teeth in the Dragon Aniaonehua are of an intermediate character 
m the relation of the length to tho width of the crowns. 

The Dragon form approaches A. secton'us in size but retains relatively 
wider teeth transversely, and longitudinally a little shorter, and the cusp 
pattern is not so restrict^ transversely. The upper teeth appear also to have 
a longer, more gradually sloping lingmd wall, with a somewhat more lin- 
gually placed hypocone column. The lingual portion of P* seems more con- 
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a single molar, presumably both Mt, are nearly equal in size to Anisonchw 
sectonua and show no significant differences from either A. scctorius oT A. 
gtllianus. However, the crest connecting the hypoconid to the trigonid ap¬ 
pears distinctly lower than that connecting the entoconid to the mota- 
conid. This condition was noted in an Mi of il. g%llianu% but not in other 
specimens of either this species or A aecionua. Moreover, the h 3 rpoconulid 
docs not project backward in the molars referred to A niaonchua dreu^ua quite 
so far as in Ms of ^. aeclorttis, a condition approximated in Ms of ^4. giUianua, 
though possibly of doubtful significance. 

Table 2 —Mbabdriciients (m Millimitbrs) op Uppbb 
Tskth of Antsonchua dracus 



r* 

M‘ 

M* 

M* 

Anteroposterior diameter 

5? 

4 4T 

4 8 

4? 

Greatest transverse diameter 


6 e? 

7.8 



AnlBonchuB onostuB, n. sp. Fig 3 

Type. —Left ramus of mandible with Mi and Ms, U S.N.M. no 16788. 

Honzon and localtty. —Dragon Paleocene, Dragon Canyon, Emery Coun¬ 
ty, Utah 

Specific characters —Near Aimonchua gtUxanus in size. Teeth slightly 
lower crowned and cusps of talonids more widely spaced 

Desenpiton —Aniaonchus onoUus is decidedly snmller than A. drocits, be¬ 
ing very near the Puerco form A gtUtanua in size but with the cusps on the 
talonid of both Mi and Mi slightly more widely spaced, though having the 
cut characterizing the amsonchini>s. This spacing of the cusps gives the teeth 
a somewhat wider appearance, w'hcreas actually they are a tnfle narrower 
than those in several specimens of A. gtUtanus with which comparisons were 
made The teeth also appear somewhat lower crowned than those of A. gtU 
lianus exhibiting about the same wear. 

The antcropostenor diameters of the first and second lower molars arc 
4 3 and 4 1 inm, respectively The transverse diameters are 2 9 and 3.2 mm 

Haploconus inopinatus, n. sp. Fig. 4 

Type —Portion of left maxilla with and M*, U.S.N.M. no. 16760. 

Honzon and locality. —Dragon Palcoeene, Dragon Canyon, Emery Coun¬ 
ty, Utah. 

Specific characters. —Size small. Second molars much wider transversely 
than first molars. Protostyle prominent. Slight development of metaconule. 

Description. —A second genus of anisonchine periplyehids is represented 
by a maxillary portion with M‘ and most of M*. The form apparently rep¬ 
resents Haploconus as indicated by the prominent lingual position of the 
hypocone. It appears in size to be close to the Torrejon material referred to 
Haploconus a^ustus but with the teeth relatively wider transversely and 
with M* relatively much wider than M‘ A difference in width between M^ 
and M’ was noted in certain s^imens of Haploconus referred to H. angvMus 
but apparently the difference is not so marked as in Haploconus inopinalus. 

The two upper molars show a slight development of a metaconule, but 
most noticeable is the distinct protostyle that characterizes teeth in Haplo¬ 
conus comtculaius. H. inopinatus is much smaller than the t 3 rpe of H. corni- 
culatus, and in the latter the upper molars appear to be relatively os well aa 
actually *iurh longer anteroposteriorly than in the Dragon form. 
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The anteroposterior diameter of the first upper molar is 4.3 mm. The 
greatest transverse diameters of the first and second upper molars arc 0.1 
and 7.1 mm, respectively. 

A lower jaw portion, U 8.N.M. no. 15744, with Mi and Mi poorly pre¬ 
served, and partially obscured by ironlike matrix, appears to represent 
Haploconus in the absence of a paraconid and in the bladclike form of the 
protoconid on Mi. It corresponds closely in size to the type of Hapheonus 
ar^iiatiASt but with Mi narrower, particularly the anterior portion, and Ma 
wider than in the Torrejon form This suggests that the premolars in the 
Dragon form may not have been so robust as in the Torrejon stage. 

CONDYLAKTHRA 

Dracoclaenus, n. gon 

Type —Drcicoclaenue grtphus, n. sp 

Generic characters. —if ear Proloselene^ but much more inflated and with 
tritocone almost indistinct. Anteroexternal and posteroexternal styles on P* 
prominent. M^ appreciably smaller than M* External cingulum on upper 
molars strong and mesostyle present though distinct from crest connecting 
paracono and melacono, paraconid on lower molars more lingual in position 
than in Protoaelene^ and in Mj this cusp is less reduced and not placed so low. 
TaJonid on lower molars somewhat shallower and narrower between hy{)o- 
oonid and entoconid 

Dracoclaenus giiphus, n sp. Pigs- 6-7 

Type, —Fragment of right maxilla with M^ and M^, U S N.M no. 15789. 

Ilortzon and locality.- -Dragon Paleocenc, Dragon Canyon, Emery Coun¬ 
ty, Utah. 

Rpeajic characters,- Close in siz<* to Protoselene opifdhacus 

Description, —The material here considered to represent the new form 
DracocUieniis gnphns most closely resembles that of the Torrejon form Pro¬ 
toselene opistfwuH but differs from it in several respects A relatively largo 
number of specimens, though fragmentary, are considered as representing 
this new form and three are figured and form the basis for the description. 

in specimen no 15705 is larger and more inflated than in P.opisthociis, 
approaching in this respect P^ in Mioclaeniis iurgtdus, but with Jess reduc¬ 
tion of the cmgulum and no metaconule such as usually present in M, turgi- 
dus. The tritocone of P^ in Dracoclaenus grxphus is almost indistinct from the 
proiocone, whereas this tooth in P, opisthacua exhibits a division of the main 
outer cusp into a prominent protocone and a lesser tritocone placed close to¬ 
gether. The anteroexternal and posteroexternal styles are more prominent 
on of the Dragon form, and a slightly better developed cingulum, though 
discontinuous, is indicated on the outer surface. 

The upper molars, M^ and M*, m no. 15789 resemble closely those in 
Protoselene opistkacusj but the difference in size between these teeth is more 
noticeable than in the Torrejon form. The external cingulum is more promi¬ 
nent and more markedly crescentic about each the paracone and metacone. 
The mesostyle is about as well developed as in P, opisthacua but distinctly 
separated from the crest which extends between the paracone and metacone. 
In P. opisthacua the mesostyle extends outward as a spur or projection from 
this crest. 

Another upper dentition, including to M*, no. 15703, resembles the 
type in most characters of the molars but has a weaker hypocone on both 
molars and a very weak metaconule on M* The anteroexternal angle of M^ 
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extends forward somewhat more, suggestive of the oxyclaenids, but has the 
mesostyle, particularly in MS as in no 15789. The external cingulum is not 
so crescentic around the outer cusps, the outer wall being more nearly 
straight. P* is similar but a little smdler than in nos. 15705 and 15780. This 
specimen, no. 15703, may represent a distinct species of Dracoclaeniis or may 
possibly be of an oxyclacnid, close in sisc to Oxyclaenus simplex, however, 

and more closely resemble the Dracoclaeniis material. 

The lower jaw portion, no. 15773, considered by comparison to represent 
Dracoclaen^ griphris, also resembles material of Proiosekne, It corresponds 
closely in sixe to P. opisthaeus, but has the paraconid on Mt and Mi more in¬ 
ternal in position, and in Ms it is not placed so low and is less reduced than 
in P. opisthacus. The talonid basin is apparently not so deep and is narrower 
between the hypoconid and entoconid. A slight accessory cusp is present on 
the anterior crest of the entoconid nearly as prominent as in P opisthacus. 

An Mj, no. 15752, in the collection, possibly belonging to this form, docs 
not so closely resemble P. opisthacus. The paraconid, though low, is placed 
nlore internal than is usual in the Torrejon form. Moreover, the entoconid is 
not so simple as usual in P. opisthacus, exhibiting three small cusps in this 
position, and the hypooonulid is more distinctly separated from the hypo- 
eonid 


Tablb 3— Mbaburbmknts (in Millimbterr) of Upper Teeth, No. 1R789, 
AND Lower Teeth, No 15773, of Draeodaenus grtphus 



W 

M* 

Ml 

Ml 

Anieropostenor diameter 

5 4 


6.3 

5 3 

Transverse diameter 

0 4 

7 6 

4 

4 4 


EUipsodon shepherdl, n sp. Figs. ^9 

Type .—Right ramus of mandible with Mi and Mj, U S N.M. no. 15721. 

Homon locality ,—Dragon Paleocene, Dragon Canyon, Emery Coun¬ 

ty, Utah. 

Specific characters —Teeth somewhat smaller than in EUipsodon lemuroides 
and a little larger than in E. acolytus with a metaconule, distinct from 
cingulum. Paraconid distinct and lingually placed in Mi and Ms. M* and 
Ms reduced in size. 

Description.—EUipsodon shepherdi, as indicated by the tyno lower jaw, 
is slightly smaller than E. lemuroides, and the molars Mi and Ms are rela¬ 
tively narrower. Ms is reduced to about the same extent as in P lemuroides, 
more reduced than in the smaller forms, E. aeqnidens, E. acolytus, and E. 
a^ilonius, but less reduced than in the Rierco speoios, E. pnsciw, and pos¬ 
sibly somewhat less reduced than in the genotype, E. inaequidens. The para¬ 
conid of the last two lower molars is more distinct in the Dragon form than 
in any of the previously known species of EUipsodon, much better developed 


Fig. 5 .—Dracodaenm gnohuB, n. gen. and sp. Right M* and M*, type, U S N.M. 
no 15780 Lateral and occlusal views X3 Fig 0 —Draeodaenus griphus, n gen 
and sp. P* and (part), U.S.N M no. 15705 Lateral and occlusal views. X3. 
Fig. 7 .—Draeodasnus griphus^ n gen and sp Right Mi and M|, U S N.M. no. 
16773. Oooluaal and lateral views. X3 Fig 8 —BUtpsodon ahspherdt, n. sp Right 
Ml and Mi, type, U.S.N.M. no. 16721. Occlusal and lateral views. X3 Fig 9 — 
EUipsodon shepherdi, n. sp. Right P* to U 8 N.M. no, 16700 Lateral and 
oooluB^ views X3. Fig 10 —Jepsenta maniiensis, n. gen. and sp. Right to 
M*. type. U.S.N.M. no. 16747. Lateral and ocolusal views. X3. 
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and more lingually placed than in K. aequidena^ but only slightly more prom¬ 
inent than in E. aqutlonius. The talonids of Mi and Mi are more distinctly 
basined than in Torrcjon material referred to E. inaequidetiSf but less dis¬ 
tinctly basined than in E. aqutlontua from Montana, also, the talonid on Ms 
is better developed than in the Puerco form, E, prtsciM. Moreover, the talo¬ 
nid of M| in E* ahepherdi docs not exhibit so prominent a hypoconulid as in 
E. aequidenSf but shows a more distinct entoconid than in E. inaequidena. 

The upper teeth, to M*, in the maxilla. U.S N.M. no. 15790, referred to 
Elhpaodon ahevherdt are relatively smaller tnan in the type lower jaw and ap¬ 
proach somewhat closer to E, acolytua than to E, lemuroidea in size, however, 
this difference within the Dragon material may not be greater than can be 
accounted for by individual variation. 

shows a cusp in the position that would be occupied by the metaconule 
in the molars This is absent in the somewhat smaller P^ of the Pucrco form, 
E. priacuaj but was observed in certain specimens of the later material. P^ 
is noticeably larger than in E. aequtdena, and and are relatively long¬ 
er 

An M* if properly referred, indicates this tooth to be more reduced than 
in E, lemuroidfH, and much more reduced than in E ocolyitLs, E. aequidenst 
and E. aquiloniua. 

The upper teeth do not closely resemble those in the genotype, E, inoc- 
quidens. The upper teeth in the latter exhibit smooth crests running to the 
protocone and weak or undeveloped cingula. 

Table 4. —Mxasukementb (in Millimeters) or Upfer Teeth, No 15700, 
and Lower Teeth, No 16721, or EUipaodon Bhepherdt 


Antoniposterior diameter 
Tranflverse diameter 

* Gmtegt triiMversfl diameter 

Ellipsodon? sternbergl, n sp 

Type. —Fragment of right ramus of mandible with Ms and part of Mi, 
U .8 N M. no. 15756. 

Horizon and hcaltly —Dragon Palcocene, Dragon Canyon, Emery Coun¬ 
ty, Utah. 

^specific charadera. —Considerably more robust than EUipaodon ahepherdt 
or E lemurotdes but much smaller than Mtoclaenna iurgtdna Molars simple 
and relatively broad. M 3 oval in shape and reduced in size. 

Description. —A sf>ecies nearly intermediate in size between EUipaodon 
lemuroidea and Mioclaenus iur^dua is represented by a few fraraentary 
specimens, including a jaw ])ortion with Ms and a part of Ms, which is made 
the type of EUipao^n atembergi, Ms is much larger and broader than in other 
species of Elliisodon; however, it apparently shows no crcnulation of the 
crest around the posterointernd margin of the talonid as seen in many of, 
though not all, the lower dentitions of M, turgidua. The paraconid is only 
weakly developed on a referred Ms, which has this portion of the tooth pre¬ 
served. Ml b only a little larger than in EUipaodon ahepherdx and somewhat 
more rounded, being nearly oval in shape. The paraconid b lacking on M| 
with only a low crest extending across the front of the tooth, connecting the 
protoconid and metaconid. Though reduced, the paraconid is present in all 
specime^ of Mioclaenua turgi4ua in which Mi was observed. 
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_ There ie no certainty that this form represents the genus Klltpsodon, par¬ 
ticularly since the premolars are not known. It is possible that a small species 
of Miodaenua is represented. 

The transverse cfiameter of the second lower molar is about 5 mm. The 
anteroposterior and transverse diameters of the third lower molar arc 4.4 
and 3.3 mm, respectively 

EUipsodon? sp. 

A lower jaw. U.S N.M. no. 15781, is unusual in that the two teeth pre¬ 
served, Ml and Mi, have rather blunt cusps, a flattened talonid, and a rela¬ 
tively undepressed area between the three cusps of the moderately elevated 
trigonid. It resembles somewhat specimens from the Torrejon that have been 
referred to EUipsodon inoeqytdens but with the paraconid more distinctly 
set off, although this cusp is subdued as arc the other cusps of the teeth 
This may represent an unusual condition in E. shepherdt but jirobably rep¬ 
resents a distinct form whose affinities are uncertain. 

Jepsenia, n. gen 

Type,—Jepsenia maniiensis, n. sp. 

Oenenc characters —Near LitaleieSf but lingual portion of M* more ex¬ 
panded antoroposteriorly and hjrpocono weaker. Cusps of molars, particu¬ 
larly protocoiiule and mctaconule, more nearly conical. Paracoiiule and met- 
aconulc better developed Parastyle and mesostylc developed, more notice¬ 
ably on M^, although cingulum at anteroposterior angle of tooth not so 
extended M* relatively smaller with less development of mctacono and 
cingulum. 

Jepsema mantleiifilBi n. sp. Fig. 10 

Type, —Portion of right maxilla with M^ to M*, U.S N M. no 15747. 

Horizon and locality ,—Dragon Paleocenc, Dragon Canyon, Emery Coun¬ 
ty, Utah. 

Specific characters,—Jepsema marUiensis i.s slightly larger than Litaletes 
disjuncius, 

Desenpiton —Jepsenia maniicnsis makes the closest approach to Litaletes 
disjunctus of the various hypsodont condylarths with which comparisons 
have been made The upper molar series designated as the type is only slight¬ 
ly more robust than ui the Montana form. M* has about the relative pro¬ 
portions of that in L. disjunctus and shows a distinct hypoconc about as in 
that form. However, the lingual portion of M“ is more expanded anteropos- 
teriorly and the hypoconc in this tooth is weaker and represented only by 
the abrupt termination lingually of the posterior cingulum. Also, the mid¬ 
portion of the posterior cingulum on both M^ and M* is not deflected upward 
toward the root portion of the teeth so much as in L disjunctus. The cusps 
in the upper molars have a more nearly conical appearance, especially the 
protoconule and metaconule Moreover, the protoconule and metaconule are 
ffistinctly better developed A parastyle and mesostyle are present, more no¬ 
ticeable in M^, although the cingulum is not so extended at the anteroexter- 
ubl portion of the molars. M* is relatively smaller than in L, disjunctus and 
the metaconc, though distinct, is not so well developed, and the cingulum is 
less prominent and is discontinuous around the lingual and buccal suriaces of 
the tooth. 

An M* with material numbered 15544 shows more acute anteroexternal 
and posteroexternal styles, no mesostyle, a lower protocone than in L. dis¬ 
junctus, protoconule and metaconule relatively weak as in L, disjunctus, but 
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tho h 3 ^pocone is much more lingual in position and is nearly matched by a 
protostyle on the anterolingual portion of the tooth, with the cingulum al¬ 
most but not quite continuous around the inner margin of the protocone. 

in this material, though lacking a mesostyle, corresponds closely to that 
in the type of Jepsenia manlienstfi. It is possible that the two molars, which 
were found close together, belong to the same individual and may represent 
a form distinct from the foregoing. 


Table 5—MiAgnRBHRNTa (in Milliubterb) or Upper 
Teeth or JepBenia manltm&ta 



M^ 

M* 

M» 

Anteroposterior diameter 


4.4 

3 

Transverse diameter . 


6.4 

4 6* 


* Qraateat tntnirvM dlAnutar 


Several isolated jaw fragments with single molars, one with Ms and part of 
Ml, another with a well-worn Ms and Ms, are presumed to represent Jep~ 
8€nta marUierms. The lower teeth in general show a distinct paraconid in a 
lingual position and a basined talonid with a strong hypoconid, a moderate 
entoeonid, and a weak hypoconulid, which is the dorsal termination of a 
slight posterior cingulum rising from the posteroexternal portion of the 
tooth. The tngonid portion is not greatly ditferent from that in L. disjuncitts, 
although the entoeonid on the heel is generally better developed and the 
small cuspuh* anterior to the entoeonid is more distinct, however, in certain 
of the referred teeth there is little evidence of this accessory cusp. 
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ORNITHOLOGY .—Noiea on some Asiatic owls of the genus Otus, toith 
description of a newform.^ H. Friedmann and II. G. Deiqnan, 
U. S. National Museum. 

1 

In the collections of Siamese birds in the U. S. National Museum 
are two specimens of Otus that are widely different from any other 
Asiatic form of the genus but are so closely and obviously related to 
the African Otns senegalenais that, in spite of the enormous geograph¬ 
ical interval involved, we have no hesitancy in placing them in that 
species. In view of the difficulties inherent in such variable and poorly 
known birds as the Asiatic forms of Otus, we have borrowed exten¬ 
sively from the following institutions and private collectors, to whom 
our thanks are hereby expressed: The American Museum of Natural 
History, the Academy of Natural Sciences of Philadelphia, the 
Museum of Comparative Zoology, the Field Museum of Natural 
History, the Raffles Museum, and W. Koelz. 

Otus senegAlensis diatans, subsp. nov. 

Subspectfic characters. —Very similar to (almost indistin^ishable from) 
Otus senegalensis hendersoni of Angola but slightly washed with buffy on the 
upperparts, this wash especially noticeable on the pale bars of the outer 
rcctrices and the primanes, and with the feathers of the lower sides and 
hanks less vermiculated, more whitish than in 0. s hendersoni. 

Type, —U.S.N M. no 349931, adult female, collected at Sals Me Tha, 
Chiengmai Province, North Siam, February 20,1036, by H. G. Dei^an. 

Description of type. —General color of upperparto dark brownish gray, 
conspicuously mottled unth black and white. Feathers of crown largely black, 
with brownish-gray border, sometimes with a whitish spot. Feathers of nape 
gray or whitish, with an irregular black streak along apical third of shaft and 
narrow broken black bars, concealed portion washed with pale ferruginous. 
An ill-defined pale ferruginous collar across upper back, caused by color of 
concealed portion of feathers, which arc otherwise white with a broad black 
streak along apical third of shaft and with black irregular crossbars. Feathers 
of back with a broad black shaft-streak, otherwise vermiculated with black 
and grayish white, sometimes washed with pale ferruginous. Rectrices 
light gray-brown with blackish-brown vermiculations and shaft-streaks. 
Outer webs of primaries broadly barred pale gray and brownish black; 
inner webs blackish brown with broad dull rufous bars, which become 
white toward edge approaching base of feather. Outer webs of sMondaries 
broadly barred dull rufous and blackish brown; inner webs blackish brown 
with large white patches, not reaching shaft and inwardly tinged with pde 
ferruginous. The lesser upper wing coverts rufous with indistinct blackish 
barsj forming a conspicuous reddish band the whole length of the forearm. The 
median and greater upper wing-coverts like the remiges. ^apulars with the 
outer web woolly or largely pure white, giving the appearance of a broad 

' Published by permission of the Secretary, Smithsonian Institution. Received 
March 6, 1B30. 
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white bar along sides of back, otherwise mottled gray and black, and with an 
interrupted black shaft-streaJc. Facial disk silver-gray, each feather with in¬ 
distinct blackish crossbars. Disk edged at sides of neck by pale ferruginous 
feathers, which are subapically marked white and tipped black, forming a 
distinct black and ferruginous gorget, extending to nape, but interrupted on 
the breast. Feathers of breast and sides of neck whitish with broad dark 
gray tips, black shaft-streak and irregular black crossbars. Feathers of ab¬ 
domen and flanks pure white or white faintly tinged ferruginous and with 
very broad black shaft-streaks and irregular narrow black bars. Under tail- 
coverts white with black shaft-streaks or immaculate. Tarsi feathered onto 
base of toes, white with scattered rufous macules. Bend of wing white. Under 
wing-coverts white with a few irregular black and ferruginous markings. In 
the dried skin the maxilla is homy-black; the mandible yellowish beneath, 
otherwise like the maxilla. Wing: 141 8, tail: 70 5, culmen from base: 19 5. 
First (outermost) primary equal to the eighth; second between fifth and 
sixth. 


II 

We have examined all the pertinent members of the genus known from 
Africa and eastern Asia and, in general, agree with the specific groupings of 
Stresemann (Mitt Zool Mus. Berlin 12 (1): 191-195. 1925). We do not, 

however, accept the range of malayanua^ as it has been understood in the 
past. 0 . malayanus is readily separable from japomeus by its much darker 
coloration (our 8 specimens are all in a red or brownish-red plumage) and by 
having the basal third of the tarsus naked; the third and fourth primaries 
are longest and the first (outermost) lies between the sixth and seventh or 
equals the seventh O japomeus, of which we have ample topotypical mate¬ 
rial, is much lighter, has both red and gray phases, and has the tarsus feath¬ 
ered to the base of the toes, the third and fourth primaries arc longest, and 
the first lies between the sixth and the eighth. 

A skin from Szechwan (April) and another from Yunnan (October) can 
not be matched in our series of japomeus, but they do agree in every par¬ 
ticular with nwlayanus from the Malay Peninsula (where it is known only 
08 a winter visitor). It seems probable that malayanus is a breeding form 
from southern China south to an unknown limit, occurring in winter as far 
as Malaya 

We have seen one specimen inseparable from Japanese japomats, taken 
on the small island Koh Tao (Gulf of Siam) on the same day os a specimen of 
malayanus. This implies that japontcus may occur in winter anywhere within 
the range of malayanus. In view of this probability, Malayan specimens 
should be carefully compared with Japanese birds, especially the birds in 
gray phase recorded by Robinson. 

We have also seen three winter specimens from northern and central 
Siam that arc ne^r %o japomeus but differ in somewhat darker coloration, al¬ 
though they are still much lighter than malayanus. 

Among the specimens sent us by Dr. Ernst Mayr are the birds from Bur- 
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ma and Assam, discussed by him in the Ibis for April, 1938, p. 313. With the 
more extensive comparative material before us, we have identified these 
birds quite differently. 

"Otua scops modestiu” from Dalu is not separable from specimens of Otus 
sunia sunta from Bengal. 

The series of Assamese specimens that Dr. Mayr took to be typical spilo- 
cephalus is here tentatively referred to 0. scops sunta, in the absence of defi¬ 
nitely identified specimens of red phase sunta, but these four birds arouse 
the suspicion that they may be of an undescribed form The bird from Da- 
bahka, called “Olus spilocepkalus lalouehi," is, in our opinion, true Otus 
spilocephalus sptlocephalua, from which latoucht seems only doubtfully dis¬ 
tinct. 

In searching the literature with regard to the nomenclature of this group, 
we have discovered that Ptsorhtna capensts grisea Gunning and Roberts 
(Ann. Transvaal Mus. 3: 111. 1011. Bethulic, Orange Free State), is pre¬ 

occupied by Scops gnseus Jerdon (Madras Journ. Lit. Sci. 13(2), no 31:119 
Dec 31,1844). We are not in position to pass on the validity of Gunning and 
Roberts’ form, which, according to Chapin, “may perhaps prove separa¬ 
ble,” and therefore leave the renaming of it to some future student of the 
African scops owls. 

Recently Junge (Treubia 16(3):344. Aug, 1938) has considered Otus 
umbra enganenats Riley as a race of 0. sunta Previously Stresemann (Mitt. 
Zool. Mus. Berlm 12:194. 1925) suggested with a question that 0 umbra 
might be the same as 0. bakkamoena lemptjt Chasen (Handlist of Malaysian 
Birds, p 86,1935) writes that umbra “can almost certainly be lumped with 
one of the other more widely spread Malaysian species, but as we have not 
seen either umira or enganensis we can not attempt a wider nomenclature.” 
We have examined the type specimens of umbra and of enganensis and find 
that they arc not like any 0. «. malayanus we have seen, and we consider 
them to form a specific group characterized by a massive bill and white bars 
on the chestnut flanks In the type of umbra the first (outermost) primary 
is equal to the eighth, and the second is between the fifth and the rixth, 
whereas in 0. s. malayanus the first is between the sixth and seventh, or 
equal to the seventh, the second between the fourth and the fifth. If Junge’s 
Engano birds are really related to sunta, it may be that they represent an 
undescribed form. The type of enganensis has the primaries frayed, which 
prevents our giving its wing formula, and which also may account for the 
fact that Junge’s bird had larger measurements than Riley gave for the type. 

Ill 

The form of Otus bakkamoena resident throughout Siam north of the prov¬ 
ince of Pattani (Malay Peninsula) has been considered identical with lettia 
of Nepal by all authors, except Chasen (Handlist of Malaysian Birds) who, 
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without comment, calls the birds of Peninsular Siam condtrrmns of Kloss 
(Joum. Siam Soc. Nat. Hist. Suppl. 8(2):81. 1030. [Pulau Condor, ca. 46 
miles off the coast of Cochinchina]) and Riley (U. S. Nat. Mus. Bull. 172) 
who attributes to the same race a specimen from East Siam and another 
from Southwest Siam (where it occurs side by side with “fettta”)- 

0. condorenins was named on a series of only four specimens from an island 
possessing no other known endemir birds, the describer having at the time 
highly inadequate comparative material. The most northern specimen of 
"lettta" came from North Siam, other specimens from Raheng and Bang¬ 
kok. Kloss was, moreover, misled by Stuart Baker into believing that lettta 
of Nepal and lemjnjt of Java are "practically the same in general tone of 
plumage”; accordingly, he diagnosed condorensia as being paler and larger 
than lemptjt, paler and smaller than lettta 

The alleged site differences between condorenstH and "letHa” are of the 
slightest according to Kloss’s own measurements (the wing length of the for¬ 
mer from 155 to 161 mm, of the latter from 158 to 167) and nonexistent when 
a good senes of Siamese birds is examined. The alleged color differences do 
not appear at all in two birds from Cochinchina but do appear in odd indi¬ 
viduals from Central and North Siam. There is some individual variation 
shown in the color of Siamese birds from any area, but all are considerably 
paler than lemptjt and, to a less marked degree, paler than birds from 
Ssecbwan (and presumably Nepal also) 

We have, unfortunately, not been able to examine lettta from Nepal. 
Birds from Szechwan have been called glabripea by authors, but they should 
at least show some approach to lettta for geographical reasons. They do, in 
fact, agree perfectly with a topotypical specimen of glabrtpet as well as with 
birds from Tongking The further fact that we have found nothing in litera¬ 
ture to indicate how glabnpes may be distinguished from Nepalese lettta 
arouses some doubt as to the validity of the former, and we feel that the two 
races should be critically compared. 

A series of 8 birds of both sexes (sexes alike in size) from Tongking and 
Szechwan have the wing length from 172 to 102 mm; a further series of 22 
birds from Annam, Cochinchina, East Siam, Southeast Siam, Central Siam, 
West Siam, and North Siam have the wmg length from 164 to 166 mm. Two 
birds from Southwest Siam measure 147 and 152 mm and seem to be ap¬ 
proximating lemptjt. Two specimens from Assam measure 161 and 167, thus 
falling into the size group of Indochinese birds. 

The Fauna of Brttiah Indta, Btrde, ed. 2 (4:427), embracing Assam and all 
Burma within the range of lettta, gives this race a wing length from 162 to 
182 mm, and it seems reasonable to suppose that if only Nepalese birds bad 
been measured even this slight overlap with Siamese birds would disappear. 
If glabripee prove indeed inseparable from lettta, the difference between Sia¬ 
mese birds and lettta will appear clearly from the measurements given above. 
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To the pale, short-winged birds of Annam, 

Cochinchina, Siam, ?Burma 

and 7Assam, we suggest that the name condorenais be applied. 

Material examined; 

Otxts aenegalensts griseua 

2 specimens 

graueri 

1 “ 

hendersoni 

2 “ 

senegalensis 

2 “ 

ugandae 

2 “ 

c^cus 

4 “ (inch type) 

distans 

2 “ 

(Him cypnna 

series (A, M. N H.) 

Oina Rcopa elegana 

u u 

japonicua 

23 specimeiia 

aunia 

9 “ 

rufipennia 

1 

haUt 

1 “ 

malayanua 

8 “ 

acopa 

11 “ 

pulcheUua 

9 “ 

menadenaia 

5 “ 

ateerei 

1 “ (type) 

Otua apilocephaluH apiloeephalua 

4 specimens 

liUoucht 

5 “ 

atamenaia 

1 “ (paratype) 

vulpea 

2 

Oiw rufeacena malayenata 

2 specimens 

rvfeacena 

1 « 

(Hm aagtUatua 

2 H])ecimen8 

OtiM umbra umbra 

1 specimen (typo) 

enganenaia 

a u 

Otua cuyenaia 

2 specimena 

Oiua bakkamoena aemitorquea 

23 specimens 

pryeri 

1 “ 

alabnpea 

bakkamoena 

10 “ 

2 “ 

condorenata 

28 “ 

Umpiji 

20 “ 

mentawi 

2 “ 

fuhginoaua 

1 “ 

whttekeadi 

1 “ 

Oitta capnodea 

3 specimens 

Otua rutilua 

4 specimens 
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ENTOMOLOGY.— The North American empoascan Uafhoppera of the 
radiata group (Homoplera: Cicadellidae).^ Nancy H. Wheeler,* 
U. S. Bureau of Entomology and Plant Quarantine. (Communi¬ 
cated by J. S. Wade.) 

The species of leafhoppers treated in this paper are characterized 
by a strongly produced crown, tending to be bluntly pointed, with 
the median length almost as long as, or in some cases longer than, the 
narrowest interocular space. The species of this group range in length 
from 2.75 to 3.75 mm. They are frequently well marked with dis¬ 
tinctive color patterns and are usually easily distinguishable ex¬ 
ternally. However, from a study of the group in general, and from an 
examination of extensive western collections in particular, it appears 
obvious that several of the closely related species can be differentiated 
readily and accurately only by examination of the structures of the 
internal male genitalia. 

Some of the species here discussed were originally included by 
DeLong* in the subgenus I dona, which he established with minuenda 
Ball'* as the type, on the basis of the shape of the head. In addition to 
the type, he included in this subgenus panda DeLong, junipera De- 
Long, elongata Dcljong, rufa Dcljong, hneta Deljong, morrisont Hart- 
zell, radiata Gillette, and mexicana Gillette. Later, McAtee* pointed 
out reliable vcnational characters and raised I dona, with minuenda as 
the type, from subgeneric to generic rank, stating that "some of the 
other species certainly, and all of them probably, can well remain in 
the typical subgenus of Empoasca Walsh." 

In view of the uncertain status of this group, a careful examination 
has been made of all available type material of the species involved. 
As a result, some synonymical changes are recorded and the group, 
of which radiata is a typical example, is redefined and considered as 
a part of the subgenus Empoaaca Walsh. Only four of the original 
species are included in this radiata group, and, on the basis of the 
characters defining the group, elongata, morriaoni, and panda (be¬ 
cause of their larger size and more rounded crown) are excluded and 
referred to the fabae group; mexicana Gillette, which will have as a 

■ Paper no S1I20 of the U, S Bureau of Entomology and Plant Quarantine Re¬ 
ceived April 4, 1039 

' In the preparation of this paper the writer hae had access to the TJ. S National 
Museum collections and eraressea her thanks to P W Oman, of the Division of Insect 
Identification, Bureau of Entomology and Plant Quarantine, for his cooperation and 
helpful entioism, and to Dr R H. Burner, Dr D M DeLong, and E V. Van Dusee 
for loan of valuable material for comparison 

* U. S. Dept Kgt. Tech. BuU. 231:1-69 1931. 

* Proc. Biol Soc Washington 34: 23-24. 1921. 

* Pros ^ool Soc London, 1934, pt 1. 107 1934. 
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synonym bitubera DeLiong, 1932/ is referred to the cdboneura group; 
while occidentalism'^ subsequently described by DeLong and David¬ 
son, is placed in the radiata group. Another species, rnficeps, de¬ 
scribed in 1917 by Van Duzee from external characters only, appar¬ 
ently belongs to this group but was not included by DeLong in his 
revision of the genus. 

This paper includes the description and illustrations of the internal 
male genital characters of ruficeps, together with those of five other 
species of the radiata group, four of them new to science. Three il¬ 
lustrations of each species are given, depicting both lateral and ven¬ 
tral views of the male genital capsule, and the ventral view of the 
sternal apodemes, and each drawing shows an enlargement of approxi¬ 
mately 70 diameters. 

The following key is presented as an aid in the separation of the 
species of the radiata group* now known to occur in North America. 

KEY TO TOE SPECIES OF THE UADIATA GROUP 

A. Fore wing without definite gray or brown spots, and consequently with¬ 
out a mottled appearance 

B. Postenor margin of seventh stcrnite of female with a median slightly 
produced lobe or tooth and a slight indentation on each side of it. 
General color olivaeeous-grcen junipera DeLong 

BB. Postenor margin of seventh sternite of female not as above Gencrd 
color yellowish, orange, or testaceons-green 
C Fore wing with orange or brownish stripes along the claval 
suture. Lateral processes, in ventral view, with apices curved 
laterad . radiata Gillette 

CC. Fore wing without stripes along claval suture Lateral proecsscs, 
in ventral view, with apices not curved laterad. 

D. Fore wing tinged with te.staeeous. Lateral process, in 
ventral view, terminating in a small hook curved mesad 

iincia DeLong 


■ Ohio Journ Sci 32(4): 305 1032 

^OhioJoum Sci 35(1)* 32 33 1035 

• After this manuscript was submitted for publication, Davidson and DeLong (Ohio 
Journ Sci. 30(2): 110-118 1039) published descriptions of Empoa^ea daroikyt, E 

galluxa^ and E anctairaj which apparently belong to the radtata group Subsequent 
study of male paratypes of these species indicates that the first two bear a close re¬ 
semblance, both extei^lly and internally, to the species herein described as E, crep- 
idula. The single specimen of each species available for examination may be differ¬ 
entiated by the relative length of the lateral process and the curvature of the apical 
portion of this process In £>roihyi and gaUuxa, the lateral process in ventral view is 
longer than in crcptdtdo. but the apical portion is less curved mesad in darothyt than 
in either creptdula or gaUuxa It is possible that creptdula may prove to he an extreme 
variation of dorolhyt and that a study of a longer senes in each case, particularly of 
abundant material from northern Ansona, may show that dorothy%, galluxaf and 
creptdula are variants of a sin^e species The species desenbed as anciaira is apparently 
close to what has been identlfiM os radtakt QiUette, but, since the male type of radtata, 
supposedly in the U. S. National Museum collection, can not be located, there is some 
question as to the proper identity of that species and decision in this matter must await 
further study. 
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DD. Foro wing tinged with smoky green or orange. Lateral 
process, in ventral view, without terminal hook. 

£. Fore wing tinged with smoky green across center of 
clavuB and apex, giving a banded appearance. Pos¬ 
terior margin of seventh stemite of female with 
a shallow median quadrangular emargination 
occiderUalis DeLong and Davidson 
EE. Fore wing tinged with orange, without banded ap¬ 
pearance. Posterior margin of seventh sternite of 
female produced and rounded, without median 
quadrangular emargination. 

F. Lateral process, in lateral view, relatively short 
and bluntly pointed creptdu/a, n. sp. 

FF. Lateral process, in lateral view, long and sharply 
pointed acuminata, n. sp. 

AA. Fore wing with definite gray or brown spots, giving a mottled appear¬ 
ance. 

B. Head with a network of red pigmentation Fore wing greenish white 
mottled with gray. 

C. Tiatcral processes, in ventral view, crossed medially, their apices 
produced and curved inward erythrocephala, n nom, 

CC. J.>ateral processes, in ventral view, not crossed medially, their 
apices bluntly rounded and divergent rubrarea, n. sp. 

BB. Head without a network of red pigmentation Fore wing yellowish 
green mottled with orange, gray, or brown. 

C. Lateral processes, in ventral view, crossed medially, their 
apices produced and overlapping ruficeps Van Duaco 

CC. Lateral processes, in ventral view, not crossed medially. 

D Lateral process, in lateral view, with apex sharply pointed 
and curved dorsad rubrarea var. tndieixncla, n var. 

DD. Lateral process, in lateral view, with apex bluntly pointed 
and curved ventrad . deUa, n sp. 

Empoasca crepidula, n. sp. Fig. 1 

Superficially resembling oeddentaha but more yellowish and lacking 
banded appearance, and with a shorter lateral pygofer process and a small 
slipperlike spine. Length 3.75 mm. 

External characters —General color dull yellowish green tinged with 
orange. Crown irregularly marked with indistinct white areas Pronotum 
with three large white spots along anterior margin. Scutellum with a median 
white stripe and a large white dot in center near apex, with a much smaller 
dot on each side. Fore wing subhyaline, with apex faintly fuscous. Seventh 
sternite of female with posterior margin sligntly produced and rounded 
not notched medially. 

Male internal sirudures ,—Lateral process relatively short, extending only 
slightly beyond tip of style; in lateral view curving dorso-caudad, with apex 
appearing bluntly pointed; in ventral view broadly sinuate, with apical 
half curving gradually mesad and tapering to a point. Dorsal spine narrow 
at base and broadening into a small sharply pointed slipperlike shape with 
apex directed vcntrocephalad. Sternal ap^emes long and slender, bluntly 
rounded distolly. 
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Described from one male and two females collected at Oak Creek Can¬ 
yon, Aris., August 9, 1932, by R. H. Beamer. 

Holotype male and allotype and paratype females deposited in the Snow 
Entomological Collection, Lawrence, Kans. 

Empoasca acuminata, n. sp. Fig. 2 

A dull yellowish-green species, with long-pointed lateral process. Length 
3.2 mm. 

External charac^a ,—General color dull yellowish green tinged with orange, 
Crown with median white line constricted at middle and with two oblique 
white dashes on each side near eye Pronotum with four irregular white 
spots along anterior margin, median pair almost contiguous. Scutelhim with 
median white area and three white spots near apex along incised line. Fore 
wing Hubhyaline, tinged with orange Seventh sternite of female with {kih- 
tenor margin produced and rounded 

Male internal Htructurea ,—Lateral process long and pointed, slender at 
hose and gradually broadening toward middle, with apical fourth tapering 
to long slender point directed eaudad. Dorsal spine broad at base, with apical 
portion bluntly rounded and extending ventrad Sternal apodemes large and 
saclikc. 

Holotype male, allotype female, and 12 male and 8 female paratypes from 
Nogales, Aria , October 20,1937, P. W. Oman, collector. 

Type, U S N M. no, 53285. Four paratypes deposited in collection of 
the entomological lalioratory of the U. 8 Bureau of Entomology and Plant 
Quarantine, Arlington Experiment Farm, Arlington, Va 

Empoasca orythrocephalai new name Fig. 3 

Empoascarufa DeLong (nec Melichar, Homop -Fauna v. Ceylon: 212 1903), 

U. S. Dept Agr. Tech Bull 231:53-54 1931. 

From specimens collected at Pasadena, Calif, DeI.ong, in 1931, described 
as Empoasca rvfa DeLong (nec Melichar) a small (3 2 mm) white species 
with reddish mottling on the head and with crown bluntly pointed. Melichar 
in 1903, from external eharacters only, had previously described as E. ru/a, 
a scarlet-red, foreign Mpocios, 4 1/5 rnm in length, illustrating the head, fore 
wing, and hind wing From a study of the illustrations and the description 
of Melichar’s species, and from a comparison with specimens in the U S. 
National Museum collection, which appear to be that species, rufa Melichar 
is considered representative of an oriental group of Empoasca having no 
close relation with the radiata group. DeLong's species is therefore given the 
new name erythrocephala and is reillustratcd, for the purpiose of comparison 
with other closely related species, from specimens collected by R. H Beamer 
at Claremont, Calif. The types of rufa DeLong are in the collection of E. D. 
Ball. 

Empoasca rubrarea, n. sp. Fig. 4 

Superficially resembling erythrocephala^ but with a shorter dorsal spine 
and the lateral processes in ventral view not crossed in the middle. Length 
2.76-3 mm. 
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Figs 1-3.—Lateral and ventral views of male genital capsule and ventral view of 
sternu apodemes of (1) Smpoatoa crevidtUa, n sp, (2) B acumvfiaia^ n. sp, and (3) 
B erythroeephala^ new name. X ca. 70. 


External characiera .—General color pale greenish white, with the network 
of bright red pigmentation on upper ^rtion of face and crown less heavily 
outlined than in eryihrocephala; irregularly marked with red on pronotum 
and scutellum and on base and costal margin of fore wing. Fore wing also 
flecked with small gray spots, the larger spot on middle of ^vus along com- 
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missural line much darker and more distinct than in erylhrocephaia; apex 
fuscous, with pale nervures. Seventh stemite of female sU^tly product and 
rounded poetoriorly. 

Male internal siruduree .—Lateral process in lateral view relatively stout, 
curving dorso-caudad, with dorsal margin slightly concave at distal portion, 
terminating in a sharply pointed apex directed dorsad, in ventral view 
curving mesad, then cauaad, with distal portion slightly enlarged and 
bluntly rounded. Dorsal spine rather indistinct, slightly broader at base, 
deeply concave on cephalic margin and curved to sharply pointed apex 
directed ventrocephafad. Aedeagus broad distally. Sternal apodeines 
medium sized, bluntly rounded distally 

Described from a series of 53 males and 93 females collected by K. H. 
Bcamcr, July 24, 1935, in Santa Barbara County Park, 13 miles oast of 
Nipomo, Calif., labeled “Nipomo, Cal.” There are also at hand collections 
by R. H. Beamer consisting of one male from Claremont, Calif, July 29, 
1935, and 14 males and 20 females from Topango Canyon, Cahf, August 
5, 1938. 

Holotype male, allotype female, and 25 male and 45 female paratypes de¬ 
posited in the Snow Entomological Collection, Lawrence, Kans ; 15 male and 
15 female parat 3 rpes deposited in the U S National Museum (no. 53286); 
12 male and 32 female paratypes deposited in the collection of the ento¬ 
mological laboratory of the Bureau of Entomology and Plant Quarantine 
at the Arlington Experiment Farm, Arlington, Va. 

Empoasca rubrarea var. indistincta, n. var. 

Agreeing with rubrarea in general form and with identical internal genital 
structures, but more yellowish m color and lacking the network of bright 
red pigmentation on head and other red markings. length 2 75-3 mm. 

External characters .—General color yellowish green. Crown tinged with 
orange, with four small white spots along anterior margin, a larger spot on 
each side near eye, and a white median area constricted in middle, some¬ 
times forming two distinctly separated spots. Pronotum and scutcllum 
tinged with orange, the former with three larger white spots along antenor 
margin and the latter with a median white spot near antenor margin and 
three smaller white spots along the incised line. Fore wing mottled with 
orange and more sparsely flecked with gray than rvhrarea, but with a 
similar, distinct, fuscous spot on middle of clavus, and apex fuscous with 
pale nervures. Seventh sternite of female like that of rubrarea 

Holotype male, allotype female, and 8 male and 8 female paratypes from 
Monterey, Calif., July 22, 1936, collected by R. H, Beamer, Other para¬ 
types as follows: One male from Cajon, Calif, June 6, 1936, and 1 male 
from Mint Canyon, Calif., June 7, 1935, collected by P. W Oman; 1 male 
and 2 females, Beaumont, Calif, July 26, 1933, 2 males and 2 females, San 
Gabriel Canyon, Calif., July 27, 1935, 4 males and 8 females, Monrovia, 
Calif., July 27,1935, and 4 males, San Diego, Calif., August 7,1935, all col¬ 
lected by R. H. Beamer; 6 males and 0 females collected by Jack Beamer, 
Monterey, Calif., July 22, 1936. 
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FJgs. 4-0,—Lateral and ventral views of male genital capsule and ventral view of 
sternal apodemes of (4) Empoatea ru^rareo, n sp., (6) B, rif/leeps Van Duiee,and 
(6) B. (Mo, n. sp. X oa. 70. 
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Holotypc male, allotype female, and 15 male and 14 female paratypes de¬ 
posited in the Snow Collection, Lawrence, Kans.; 6 male and 6 female para- 
typos deposited in the U. S. National Museum (no. 53287); and 6 male 
and 6 female paratypes in the collection of the entomological laboratory of 
the Bureau of Entomology and Plant Quarantine, Arlington Experiment 
Farm, Arlington, Va. 


Empoasca niflcepa Van Dusee Fig. 5 

Empoanca ruficeps Van Duzee, Proc. California Acad Sci. 7 (ser. 4): 304- 

306. 1917. 

External characters. —Small, yellowish green, mottled with brown, with 
pronotum and scutellum marked with sanguineous-brown, and apex of fore 
wing deeply infuscated, with strong pale ncrvurcs. Tjcngth 3.5 mm. 

Male internal structures .—Lateral process in lateral view curving dorso- 
caudad, basal half with sides almost parallel margined, apical half shghtly 
broader, terminating in a blunt point directed caudad; in ventral view the 
lateral processes are long, curving first mesad and crossing near middle, 
extending slightly laterad, then caudad, broadening distally, then tapering 
to bluntly pointed, overlapping apices directed laterad Dorsal spine broad 
at base, deeply concave on cepWic margin, with sharply pointed apex 
directed ceph^ad. Aedeams narrow at base, enlarged distally Sternal 
apodemes medium sized, bluntly rounded distally. 

Van Duzee desenbed ruficeps from 30 specimens collected at Ix>s Altos, 
Calif., July 20, 1916, on pitcher-sagc {Sphacele colyctna), and at West- 
point, Mount Tamalpais, 1,300 feet elevation, August 16, 1916. The 
drawings (Fig. 6) were made after examining male and female paratypes 
received from Van Duzee, 1 female collected at Mount Diablo, Calif., June 
21, 1935, by Oman and compared by him with the type, and 5 males and 5 
females collected at Lockwood, Calif., July 25,1935, by R. H. Bcamer 

Empoasca delta, n. sp. Fig. 6 

Resembling ruficeps somewhat in general appearance, but smaller, with 

E ronotum and scuteUum yellowish green and less marked with sanguineous- 
rown, and apex of fore wing less deeply infuscated. Genital characters dis¬ 
tinct. Length 2.6-2.75 mm. 

External characters .—Crown tinged with orange, with a pale spot on each 
side near eye and a pale median area, sometimes constricted in middle, 
forming a pale spot at apex and one at middle of posterior mar^. Pronotum 
yellowish green, with three paler areas near anterior margin, the middle one 
outlined by a dark line on each side and the lateral areas each surrounded 
by several dark-brown dots. Scutellum yellowish green, with a median white 
area and a transverse row of three pale points just below the incised line, 
the apex terminating in a conspicuouslv dark-brown point. Fore wing sub- 
hyaline, yellowish green, mottled with brown, sometimes with orange, with 
a small rufous-brown spot near tip of clavus; apex fuscous, with pale 
nervures. Posterior nwgin of seventh stemite of female rather strongly 
produced from prominent lateral angles. 

Male tTitemat structures .—Lateral process long, curved, relatively stout, 
with sides parallel to near apex; in lateral view distal portion slightly en- 
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larged and terminating in a short fingerliko process curved downward; in 
ventral view distal portion angularly bent on inner margin and curved on 
outer margin to sharply pointed apex directed mesad. Dorsal imine stout, 
tapering to a sharp point, curved cephalad. Aedcagus broad distally. Sternal 
apodecnes medium sized, bluntly rounded distally, with apices more widely 
separated than in rufieeps. 

Holotype male, allotype female, and numerous paratypes of both sexes 
from Delta, Calif , June 28,1935, P. W. Oman, collector. T^pcs? U.S.N.M. 
no. 53288. Twelve paratypes deposited in collection of the entomological 
laboratory of the Bureau of Entomology and Plant Quarantine, Arlington 
Experiment Farm, Arlington, Va. 

Empoasca mexicana Gillette 

Empoanea mexicana Gillette, Proc. U. S. Nat. Mus. 20(1138): 737-738. 1898. 
Empoasca btiubera DeLong, Ohio Journ. Sci 32(4): 395. 1032 (New syn¬ 
onymy.) 

As previously mentioned, mencana, because of the more rounded crown 
and the pale nervures of the fore wing, belongs in the alboneura group, but 
the writer treats it here in order to establish the synonymy indicated. 

The original description of mexicana by Gillette was based on 5 females 
collected near Veracruz, Mexico, tyiic no 3430, U. S National Museum. 
Later DeLong* redescribed specimens “as apparently this species” and illus¬ 
trated the male genitalia from a series in the U. S National Museum collec¬ 
tion consisting of 5 females and 3 males collected at Marfa, Tex, June 5, 
1908, by Mitchell and Cushman, stating that Gillette’s type could not bn 
located in the National Museum. From an examination of this series now 
extant, consisting of 1 male (dissected), 3 females, and 2 specimens with 
abdomens missing, the external markings and internal structures of the 
male were found to be identical with those described and figured later by 
DeLong for Intubera. Empoasca bitubera is therefore placed as a synonym 
of E mexteana Gillette. 

•U S Dept Agr Tech Bull. 231: 60-57 1031 

MAMMALOGY.— A new badger from Sonora.^ E. A. Goldman, 
U. S. Bureau of Biological Survey. 

The badgers of the widely dispersed species, Taxtdea iaxus, are 
divisible into several closely allied geographic races. One of these, 
hitherto unrecognized, from near the southern known limit of the spe¬ 
cies along the eastern side of the Gulf of California is described as 
follows: 

Taxidea taxus sonoriensis, subsp. nov. 

Type. —From Camoa, Rio Mayo (about 15 miles above Navojoa), Sonora, 
Mexico. No. 96211^ cf young adult (frontoparietal sutures fused), tJ. S. Na¬ 
tional Museum (Biological Survey collection); collected by E. A. Goldman, 
November 29, 1898. Original number 13263. 

^ Received June 1,1930. 
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Distribution. —Lowland plains region of southern Sonora; limits of range 
undetermined. 

General characters. —A rather small, dark-colored subspecies with conspic¬ 
uously blackish chin; white median dorsal stripe ending near shoulders, or 
extending as a very narrow, more or less interrupted line to lower part of 
back, but not normally reaching over rump; nasals narrowing abruptly 
posteriorly at point of contact between maxillae and frontals Closely allied 
to Taxidca taxus berlandxeri of western Texas, but general color slightly 
darker, more extensively mixed with black; chin usually distinctly blacker: 
nasals narrowing more abruptly at point of contact between maxillae and 
frontals. Very similar to Taxtdea torus infusca of southern Lower California, 
but white median dorsal stripe less continuous posteriorly (extending over 
rump in infusca); chin usually distinctly blacker; cramum flatter and differ¬ 
ing in detail 

Color. — Type: Facial area, including eyes, and forehead (except median 
line), and patches on sides of head in front of ears black as usual in the spe¬ 
cies; irregular white markings under and behind eyes confluent with white 
of under parts; white median line extending from middle of face to near 
shoulders; general dorsal area and sides of body a coarse mixture of buff, 
black, and white, the individual hairs pinkish buff at base, becoming black 
subttTminally and white at tip, general abdominal area light buff thinly 
streaked with black, becoming pure white along a narrow median line; under 
side of neck pure white; chm and spot at base of median tuft of vibnssao 
on throat blackish; ears blackish, edged with white; fore and hind limbs 
black; upper side of tail similar to back, but bawal color of hairs more emna- 
mon-buff, under side of tail more predominantly cinnamon-buff. 

Skull. —Very similar in size and general form to that of berlandten^ but 
nasals narrowing more abruptly at point of contact between maxillae and 
frontals (in berlandien the nasals are more evenly V-shaped, tapenng gradu¬ 
ally to a point posteriorly); mastoids more rounded and fully inflated, denti¬ 
tion about the same. Compared with that of infusca the skull is somewhat 
broader and flatter, the brain case less highly arclied, basioccipital broader; 
nasals broader, less evenly tapering posteriorly (differing to al^ut the same 
extent as from berlandien); auditory bullae less bulging below level of bosi- 
occipital, dentition similar 

Measurements. — Type: Total length, 662 mm; tail vertebrae, 122; hind 
foot, 100. An adult female topotype: 625; 110; 107. Skull (type and an adult 
female topotype, respectively): Condylobasal length, 114.7, 113; zygomatic 
breadth, 69.8, 70.9; breadth of braincase (across mastoid processes), 70 7, 
69 5; height of braincase (over auditory bullae), 48.5, 48.4; interorbital 
breadth, 24.2, 25.2; postorbital constriction, 27.4, 28 6; palatal constriction, 
14.1,13.5; maxillary tooth row (alveoli), 35 8,38.5; crown length (outer side) 
of upper camassial, 11 4, 12 5; crown width of upper oamassial, 8.8, 9.8. 

Remarks.—Taxidea taxus sonortensts appears to be most closely alhed to 
7*. i. berlandien, with which it doubtless intergrades on the north. One of the 
most distinctive cranial detaUs noted is the abruptly narrowing outline of 
the nasals, which is quite uniform in the scries of topotypes 

Specimens examined. —Total number, 0, ail from Sonora, as follows; 
Camoa (type locality), 5; Costa Rica Ranch (about 40 miles southwest of 
Hennosillo), 1 (skull only). 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

PHILOSOPHICAL SOCIETY 

1138th meeting 

The 1138th meeting was held in the Cosmos Club Auditorium, Saturday, 
October 8, 1938, President Heck presiding. 

Program. Sterling B. Hendricks, U. B. Bureau of Chemistry and Soils: 
Random structures and water sorption in clays —^The crystal structures of a 
number of minerals related to the micas were described, and models illus¬ 
trating some of their structures were exhibited Three general problems 
were then discussed: (1) Why is kaolin, AliOj 2SiOi 2HiO, polymorphic 
and why is aluminum only slightly replaceable by iron or magnesium in 
the kaolins? (2) What is the structure of the hydrates of the clay minerals? 
(3) Why do some minerals related to talc show diffuse reflections and what 
is the connection between this property and random factors present in the 
structures? {Author’s abstract ) 

R W. Goranson: On the electrical properties of muUtlayers. —Experi¬ 
ments were described which demonstrated that the electrical properties of 
multilayers of stearic acid, as formed by the Langmuir-Blodgett method, 
were caused by the adsorption of metallic ions from the substrate. It was 
shown that these ions were present in the multilayer as a volume dis¬ 
tribution. Evidence was presented as to the existence of a marked influence 
of the speed of building the multilayers on the electrical properties. While 
adsorbed positive charges were always present, at speeds in excess of a 
certain value, negative frictional char^ also developed. The frictional 
charges were caused by the relative motion of film and aqueous substances.* 
{Author’s abstract ) 

The first paper was discussed by Messrs. Roller, Brickwedde, and 
Teller; the second one by Messrs. Mohlek, Brickwedde, and Gibson. 

llSQm MEETING 

The 1139th meeting was held in the Cosmos Club Auditorium, Saturday, 
October 22, 1938, President Heck presiding. 

Program: N. Smith, National Bureau of Standards: Regular charadertUies 
of the ionosphere during half a sunspot cycle .—^The sun is the principal source 
of the energy that produces the ionisation in the earth's upper atmosphere. 
The increase in solar activity from the sunspot minimum in 1933 to 1938 
resulted in large increases in this ionisation. During this period the maxi¬ 
mum ionisation density of the E layer, at about 130 km in height, increased 
by a ratio of 1.55 to 1, and the maximum ionisation density of the Ft layer, 
at about 300 to 400 km in height, increased by a ratio of 4 to 1. This means 
an increase in the solar radiation responsible for the E layer by a ratio of 
about 2.4 to 1 and for the Ft layer by a ratio of about 16 to 1. The ionisation 
of the £ lajrer has followed fairly well in phase with the sunspot cycle, 
whereas the ionisation of the Fi layer show^ somewhat of a lag. 

Superimposed on this long-period increase of ionisation were the more 
or less regular diurnal and seasonal variations. The diurnal and seasonal 
variations of E layer ionisation for the most part accord quite well with 
the simple theory of ionisation by ultraviolet radiation from the sun, but 
the variations in Fi layer ionisation show that other factors must be taken 
into consideration. (Author's abstract.) 
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B. S. Kirby, National Bureau of Standards: The aporadic-E layer of the 
wnohphere .—The sporadic-E layer is a term used to designate a layer of the 
ionosphere which reflects radio waves from a height about that of the 
normal-E laver but at sporadic intervals of time and frequently at scattered 
geographical locations although occasionally the effect is general over wide 
areas. The reflections occur at much higher frequencies than from the 
normal-E layer and sometimes at higher frequencies than from the Fs layer. 
As addition^ contrasts to the normal-E and Fs layers, the sporadic-E has 
no smooth diurnal and seasonal variations but occurs both day and night 
principally in summer, does not exhibit marked critical frequency effects, 
and is often semitransparent over wide frequency ranges These effects have 
been indicated by vertical incidence ionosphere measurements. 

The sporadic-E layer is responsible for moderately long distance propa¬ 
gation of ultra-high frequencies at sporadic intervals of time and usudly 
over scattered geo^aphical areas, but occasionally over wide areas. These 
results have been indicated chiefly by amateur transmissions at 56 Mc/s 
over distances from several hundred to 2,000 or more kilometers 

Both the vertical-incidence ionosphere measurements and the long¬ 
distance transmissions convey the impression that B{)oradic-E layer is 
formed at sporadic time intervals in clouds which arc usually very much 
limited in geographical distribution but sometimes are widespread. 

Data have been compared and no definite relations have been found 
between the occurrence of sporadic-E layer and thunderstorms, ionosphere 
storms, or fadeout^s at Washington 

The sporadic-E layer does not appear to be an intense ioniKution pro¬ 
duced directly by sporadic solar activity. A more reasonable explanation is 
that the effect is caused by reflections from the sharp boundary of a layer 
of moderate ionization density and that the direct cause of the sharp 
boundary is largely terrestrial. Since the normnl-E layer has a fairly sharp 
boundary the change in distribution of ions would not have to be very 
great. {Avihor^a abairad ) 

The papers were discussed by Messrs Brickweude, McNibh, Maths, 
Humphreys, Mohler, Brombacber, Maxwell, Seaton, and Vestinb 

1 140th meeting 

The 1140th meeting was held in the Ckismos Club Auditorium, Saturday, 
November 5, 1938, President Heck presiding 

Program, Walter Ramberg: Flexural vibrations of rotating propeller 
blades ,—Flexural vibrations of propeller blades are believed to be an im¬ 
portant cause of the propeller failures that have occurred from time to time 
under flight conditions. A previous study of nonrotating propeller blades 
which h^ been set to vibrate flexurally had shown that the measured 
natural frequencies and stress dLstnbutions agreed with those pven by con¬ 
sidering the propeller blade as a straight slender beam of variable section 
A report of this work was presented before the Society on April 13, 1935. 

The present paper extends the theoretical iwrtion of this work to include 
the effect of rotation at service speeds. The integral equation was derived 
for a propeller blade that vibrates flexurally with a symmetrical mode. This 
equation was solved for two aluminum alloy propeller blades of typical 
design vibrating with the fundamental mode and with the second harmonic 
mode. The two extreme conditions of rigid clamping at the hub and of 
zero clamping at the hub were considered. 
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Rotation was found to shift the maximum stress per unit tip deflection 
toward the hub and it raised the value of this maximum up to 10 percent. 
Rotation caused an increase in natural frequency that oould be predicted 
closely by substitutinK the deflection curve for no rotation in Lord Ray¬ 
leigh’s cx})rossion for the natural frequency of an elastic system. The model 
rules due to Theodorsen were discussed which show that the stress distribu¬ 
tion and the frequency for flexural vibrations in a given blade may be 
determined directly provided that this blade is affine in dimensions to a 
type blade for which solutions are already available The need for experi¬ 
mental work was emphasised to check the assumptions of the theory and to 
determine which natural modes of the propeller-crankshaft system arc most 
dangerous in loading to fatigue failure. {AtUhor^s abstract ) 

L B. Tuckerman: Heterostatic loading and crtitcal astatic loads, —South- 
well has shown how, in some cases, it is possible to compute the critical 
astatic load, i e , the elastic buckling load, of a structure from measurements 
of its heterostatic deflections at lower loads The history of the theory of 
heterostatic loading and Southwell’s method is briefly reviewed. Wester- 
gaard’s general theory is then applied to the problem. It is shown that 
Southwell’s method and Lundquist’s modification of it are theoretically 
accurate for results of measurements which arc proportional to the value 
of any one astatic parameter These measurements need not be deflection 
measurements but may be stram measurements or, theoretically, measure¬ 
ments of any effect linearly dependent upon the deformation. Further, the 
parameter need not be the parameter corresponding to the lowest critical 
load but theoretically may corrcbpond to any higher critical load. 

Southwell’s method is thus useful in coses where measurements within 
the clastic range can be made to depend primarily upon the change of a 
single astatic parameter. If the measurements are affected appreciably by 
changes in other parameters, the critical load computed by Southwell’s 
method or Lundquist’s modification may be considerably in error. A com¬ 
bined numerical and graphical method of computation is outlined which by 
successive approximations gives more accurate results in such cases. Finally 
experimental results are given in which the second and third critical loads 
of a “round end” Euler column are computed from strain gage measure¬ 
ments taken at loads below the first critical load {Author*s cAstract ) 

The first paper was discussed by Messrs. Tuckerman and Nelson; the 
second one by Messrs. Teller, Deming, Rauberg, and Nelson. 

1141bt meeting 

The IHlst meeting of the Society was held in the Cosmos Club Audi¬ 
torium, Saturday, November 19, 1938, President Heck presiding. 

Program- J. W. Beams. University of Virginia: Some apphcations of high 
rotational speeds —A few high-speed vacuum-type air-driven centrifuges are 
described and their operating characteristics given. Their applications to 
such problems as the separation of isotopes, purification of material, deter¬ 
mination of molecular and particle weights and sises, are discussed. A brief 
description is also given of the new magnetically-supported electrically- 
4nvcn vacuum-type centrifuge. Like the air-driven centrifuge, the maxi¬ 
mum rotational speed of this electrically-driven magnetically-supported 
centrifuge is limited only by the bursting strength of the centrifuge. Bix-inch 
rotors have been spun at speeds above 1,000 rps. The speed does not vary 
by more than 1 rps. for periods of six hours, and the temperature of the 
rotor remiuna very constant. The technique of spinning long tubes about a 



JtTLT 15| 1930 proceedings: philosophical society 


305 


vertical axis in a vacuum to very high speeds is briefly described, and their 
use as centrifuges for gases and liquids is outlined. The matenal to be 
centrifuged enters the spinning tube at one end and is collected in light 
and heavy samples at the other. {Avthor^s abstract,) 

An informal communication on “Natural Diffraction Spectra in Agates*’ 
was presented by J. W. McBurney. 

1 142d meeting 

The 1142d meeting, constituting the 68th annual meeting, was held in 
the Ck)smos Club Auditorium, Saturday, December 3, 1938, President 
Heck presiding 

The treasurer reported that the income from dues and from interest on 
investments was $1,366 19 and that the expenditures, other than invest¬ 
ments, were Sl,3l3.f^i, leaving a net surplus of $52 36 on ordinary expenses 
The ordinary expenditures were at the rate of $4.27 per member. The 
treasurer reported that, with the approval of the General (Committee, he 
had sold certain securities of the Society, reinvested a portion of the pro¬ 
ceeds in other securities, and is conducting negotiations for the investment 
of the balance in other securities. 

The secretaries' joint report show'ed an active membership as of De¬ 
cember 1, 1938, of 308, of whom the following were elected during the year- 
Ray L Driscoll, Lester R. Frankel, Christos Harmantas, Enoch 
Karrer, R. B. Kennard, Paul S. Roller, Otis W. Swainson, E. H. 
Vbbtine, David Wertman, and Gladys White The following were elected 
in 1937 and qualified in 1938: Westley F. Curtis, Theodore B. Godfrey, 
H F. Kaiser, Forest R Moulton, Francis W. Struthers, Holla H. 
Taylor, and Merle A. Tuve 

The annual report of the General Committee described the outstanding 
items of business that had come before the General Committee during the 
year as follows: (a) Changes in the bylaws of the General Committee relative 
to the conduct of elections; (1>) necessity of curtailment of ordinary expenses 
due to decreased income from investments; and (r) elimination of an item 
of expense for subscription to the Journal of the Washington Academy 
OF Sciences for members of the Society who are not members of the 
Academy. These items were discussed by Messrs. Dhyden, Humphreys, 
Seeoer, and Howe. 

Changes in the bylaws relative to the conduct of elections were adopted 
as recommended by the General Committee and were made retroactive 

W. D. Lambert made some comments and recommendations regarding 
the preparation and mailing of ballots and instructions to voters. This 
matter was discussed by Messrs. Tuckerman, Wertheimer, Mohler, 
McNish, Silsbee, and Blake. 

The following officers were declared elected for the year 1939: Prewdenf, 
F. G. Bbickwedde; Vice-PrefdderUsy R, E. Gibbon and H. E McComb; 
Recording Secretary^ R. J, Seeoer; Treosiircr, H. F. Stimbon; and Members- 
oi-Large of Genera/ Committee, Walter Rambero and A. G. McNish. 

Frogram - Herbert G. Dorsey: Sono radio buoys for hydrographic «4r- 
veying ,—These buoys were developed by the U. 8. Coast and Geodetic 
Survey to serve as inexpensive hydrophone stations in radio acoustic rang¬ 
ing. 

Each sono radio buoy consists of one or more hollow steel drums to con¬ 
tain the electrical apparatus and furnish buoyancy to float the super¬ 
structure and counterweight. 
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In one of these drums there is an audio amplifier, designed primarily for 
frequencies below 200 cycles, a keying tube and a crystal controlled radio 
transmitter A total of five or six 2-volt tubes is used, all biased to cut off 
so that no B battery current is required, except about two milliamperes 
screen grid current, when no signaJ is received. The filaments are kept 
heated continuously by dry batteries. Bomb signals are received from the 
water by an electromai^etic hydremhone, suspended below the sono radio 
buoy, the impulse of which is amplified by the audio amplifier, actuating the 
keying tube which furnishes screen grid current to the transmitting tube, 
sending a short radio signal from the antenna supported on the super¬ 
structure 

The time elapsed between firing the bomb by the surveying ship and the 
return of the r^io dash is measured to 0.01 second on the ship’s recording 
chronograph and by such returns from two or more sono radio buoys placed 
in known locations the ship’s position can be located with far greater 
accuracy than by any method other than visual fixes. 

These sono radio buoys have now been successfully used by the U. S. 
Coast and Geodetic Survey for the past three seasons and their use has been 
adopted by the U S Naval Hydrographic Office during the post year. 
(Author*8 abstract,) 

In discussing this paper Mr. P. A. Smith presented a slide showing some 
of the detailed hydrographic work that has been done recently by this 
method off the eastern shore of the United States. 

H. E. McComb, Recording Secretary 

1 143d MBSTINO 

The 1143d meeting was held in the Cosmos Club Auditorium, Saturday, 
December 17, 1938, President Brickweddk presiding. 

Program• E. A, Johnson: Me^rntrement of small magnetic moments ,— 
In order to measure the magnetic polarization of weakly magnetized sedi¬ 
ments, an electromagnetic method of measurement has been developed 
which IS very sensitive The magnet to be measured is rotated inside of a 
fixed coil at ten cycles per second and the voltage induced in the coil is 
measured by an alternating-current amplifier and synchronous commutator. 
The limiting sensitivity is computed from the calculated signal voltage and 
the thermal agitation in the input circuit. The limiting sensitivity can bo 
obtained in practice. Moments of 3X10“’ CGS unit can be detected and 
with specimens 1 fi cm on a side 8X10“* CGS unit/cc can be detected. The 
method has allowed the study of the weeJ^ magnetic polarization in un- 
metamorphosed sediments and has led to interesting results in regard to 
the direction of the compass in prehistoric times. The direction of polariza¬ 
tion can be determined to within 1® with the apparatus. (Aidhor*s abstract,) 

A. G. McNish; The restdmd magnetization of rocks .—To extend records 
of changes in the earth’s magnetic field over a greater length of time than is 
covered by historic records, measurements have been conducted on the 
residual magnetization of sedimentary rocks. Unmetamorphoeed sediments 
are believed to have acquired their magnetization through alignment of 
their magnetic constituents under the directive influence of the earth’s 
magnetic field at the time of their formation. Measurements on the deposits 
of varved Pleistocene clays left at the recession of the last ice-sheet from 
New England have revealed distinct differences in direction of their residual 
rnagnetization suggestive that for a 200-year period studied the average 
direction of the earth’s field was 30*’ west of its present direction in the same 
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region. VariationB occurring during this period indicate that secular change 
was in progress at the time with rates of change comparable with those 
observed today. Measurements on sediments from the bottom of the ocean 
also reveal secular change, although the measurements on these sediments 
may not be directly related to present values of declination. {Avlhor ^9 
abBirad ) 

The first paper was discussed by Messrs. F. L Mohler, H. E. McComb, 
and W. IIambero; the second one by Messrs. R. B, Kennard, N. H. Heck, 
F. 0. Bbickwedde, W. J. Humphreys, A. S. Hawksworth, and J. Paw¬ 
ling, 

1 144th meeting 

The 1144th meeting was held in the Cosmos Club Auditorium, Saturday, 
January 14, 1939, President Brickwedde presiding. 

The Retiring President, N H Heck, gave an address entitled From the 
anler of the earth to the sun. This address was published in this Journal 29: 
18f}-218. 1939. 

1145th meeting 

The 1145th meeting was held in the Cosmos Club Auditorium, Saturday, 
January 28, 1039, President Brickwedde presiding. 

Pre^ram • E. 0. Hulburt: The brightness of the twilight sky, —The sunlight 
illumination of the twilight sky was investigated for the purpose of deter¬ 
mining the density and temperature of the atmosphere to as great an alti¬ 
tude as possible. As the sun sets, the earth's sh^ow above the observer 
moves upward and the region of the atmosphere illuminated by the direct 
rays of the sun moves to high levels. A reversed sequence of events occurs 
before dawn. Measurements were made during clear weather of the bright¬ 
ness of the zenith sky for about an hour after sunset and an hour before 
HUDrise. From the measurements, combined with the known intensity of 
sunlight and the law of scattering of light by air, the density (or pressure) 
and the temperature of the atmosphere were determined. Corrections were 
made for secondary scattering which were obtained from measurements of 
the brightness of the sunset or sunrise glow of the twilight sky near the 
west or cast horizon. 

The temperature came out to be between 205° and 235° K from 12 km 
to about 60 km. Thus, the temperature of the upper air was cold and was 
roughly constant with altitude. From the temperature the pressure was 
detonhined No important changes were noted with the season from October, 
1937, to April, 1938. For altitudes above about 60 km the method fails, 
since at greater heights the light of the twilight sky is very wc^k and the 
corrections due to secondary scattering are relatively large. These results 
refer only to the atmosphere during conditions of twilight at Washington, 
D. C., latitude 40° north. In general, one would expect that the upper air 
grow warmer during the day and cooler at night. However, the day and 
night change between 20 and 60 km may not be very great, and might bo 
supposed to increase with increasing altitude. (Authors abstract,) 

R. E. Gibbon: Effect of pressure and temperature on the tran^xssion of 
light by certain solutions, —The solutions of aromatic amines in nitrobenzene 
are highly colored even though the pure components are practically color¬ 
less. This paper presented the results of a study of the light transmitted at 
different pressures and temperatures^ by some of these solutions, especially 
those of aniline in nitrobenzene which under ordinary conditions have a 
deep orange color. It was found that rise of pressure at constant temperature 
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decreased the amount of light transmitted by the solutions much more 
Btronglv than could be accounted for by the compressibility of liquids. As 
the light of shorter wave lengths (green and yellow) was absorbed more 
strongly at the higher pressures, the visible effect was an apparent change 
in the color of the solution. It was also found that the increase of temperature 
at constant pressure had no detectable effect on the transmission of light by 
these solutions, even when the volume change produced by a given change 
of temperature, e.g., 85 to 25^, was approximately the same as that pro¬ 
duced by a rise of pressure, viz , 1 to 1,000 atm. 

The absence of a temperature coefficient together with other thermo¬ 
dynamic properties of the solutions made it highly improbable that the 
color of these solutions was due to the formation of addition compounds, 
and, to account for the absorption of light by the solutions and its change 
with increase of pressure, the hypothesis was advanced that the amount of 
light of the longer wave lengths absorbed by the solutions was determined 
by the frequency and violence of collisions between the nitro and amino 
groups on the unlike molecules Additional evidence m favor of this hy¬ 
pothesis was presented 

Taking into account the known behavior of the oxygen atoms in the nitro 
groups as electron-attracting groups and the known tendency of the — NRj 
group to act as an electron-repelling group, a mechanism was suggested 
whereby at the moment of collision an aromatic amine might lower the 
energy of the excited state of the iiilro-group in nitrobenzene. As con¬ 
firmatory evidence the behavior of solutions of p-nitro-ocetanilide in nitro¬ 
benzene which are practically colorless was cited. 

Studies of the effect of pressure and temperature on the light transmitted 
by these solutions suggest that in these solutions we have examples of the 
limiting case of compound formation in solution and of the production of 
profound changes in the light-absorption of molecules by intermolecular 
disturbances. 

The first paper was discussed by Messrs. J. Pawling, F, L. Mohler, 
L B. Tuckerman, P A. Smith, W. G. Brombacheh, and W. L. Hum¬ 
phreys; the second one by Messrs. P. A. Roller, J. A. Dukrkson, W. J. 
Huhphreis, and J Beck, Jk. 

Mr. J. Pawling presented an informal communication consisting of a 
typical photograph of two sunspots. 

1146th meeting 

The 1146th meeting was held in the Conmos Club Auditorium, Saturday, 
February 11, 1939, President Brickweode presiding 

Program' H F. Stimson: The measuTemerd of specific heat and the 
latent heat of water from 0^ to lOff^C —^Precise determinations were made of 
the specific heat of water from 0®C to 100®C. These are of value in deter¬ 
minations whore water is used as a standard of heat capacity. The latent 
heat of vaponzation was determined at 15 selected temperatures from 
100®C down to 0.15®C. 

The theory of the method was outlined and the apparatus described. 
Some of the precautions to attain accuracy were enumerated and the formu¬ 
lation of the results described. The agreement of the formulation with the 
experimental results for the specific heat showed a precision of better than 
one part in 10,000 but it was pointed out that the accuracy is not necessarily 
that high. {AiUhoPs abstract) 
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E. Teller: Report on the theoretical conference on low temperature phe¬ 
nomena, —^This year's Theoretical Conference centered around low tem¬ 
perature physics. One of the main questions was connected with the mag¬ 
netic metnod for production of extremely low temperatures. To reach low 
temperatures it is necessary to find some modes of motion that will persist 
to low temperatures. Such motion is that of the magnetic dipole of electrons 
and the question discussed at the conference concerned the coupling of mag¬ 
netic dipoles with other degrees of freedom. Another group of questions was 
related to the zero-point energy of the lightest atoms. Tt^ zero-point 
energy is responsible for the different behaviors of solid or liquid hydrogen 
and deuterium. The remarkable properties of the low temperature modi¬ 
fication of liquid helium are, however, the most striking illustrations of 
quantum effect. For this liquid helium the designation ^'quantum helium" 
has been used, since it is zero-point energy rather than tomporaturo motion 
that keeps it from solidifying. liquid helium uIho may serve as a model for 
the droplet theory of the atomic nucleus. (Author*s abstract ) 

The first of these papers was discussed by Messrs. F. D. Rossini, F. C 
Kracek, W. F. White, W. J. Humphreys, L. B. Tuckehman, and 
J. Pawling; the second one by Messrs A. S Hawkswohth, L. R. Max¬ 
well, F. D. Rossini, and F. G. Brickweddr 

1147th meeting 

The 1147th meeting was held in the Cosmos Club Auditorium, Saturday, 
February 25,1939, Vice-President Gibson presiding. 

Program J. Pawling: The formation of a revised second Bordeaux catalog, 

H. C. Hayes. Sap flow and pressure tn btrch trees. 

Sap flow resembles respiration rather than circulation. The tree starts 
taking in sap under certain stimulating conditions that arc not fully under¬ 
stood and continues until boiler pressures of considerable magnitude arc 
established. After maintaining these high pressures for a period of several 
hours the tree starts expelling sap and continues until the pressure ap¬ 
proaches zero and occasionally becomes less than atmospheric pressure. 
Maximum pressures slightly in excess of 200 centimeters of mercury above 
and minimum pressures as low as 0 centimeters of mercury below atmos¬ 
pheric pressure have been recorded. 

Sap pressure appears to be independent of the size or height of the tree. It 
tends to rise and fall with the temperature, but no relation between tem¬ 
perature and pressure has been established or even approximated. Moreover, 
a comparison of many simultaneous temperature and pressure records leads 
to the belief that factors other than temperature must operate to account 
for some of the rapid prej?sure fluctuations where changes as great as 2 or 
3 cm of mercury may occur within a minute of time during which there is no 
measurable change of temperature. Such pressure influencing factors, if 
they exist, can be traced to the sun for the reason that these small, erratic 
and relatively rapid pressure fluctuations do not occur during the night. 

Pressure changes occur practically simultaneously in all trees in the same 
locality. This statement apparently holds even for the small rapid pressure 
fluctuations which are usually present during the hours of sunshine This 
fact proves that the stimulus causing the change of sap pressure m a tree 
comes from without the tree. 

The resistance to sap flow through the tree varies between wide^ limits 
becoming surprisingly small during the periods when the pressure is high 
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and active to much greater values when the pressure is low and inactive. 

The seat of the sap pressure lies in the new cell growth about the tips of 
the tiny root hairs. Both pressure and pressure clunges appear to depend 
on the vital activity of these cells because their cxperimentdly determined 
values can not be accounted for by osmosis and/or capillary action. These 
cells apparently have the ability to store energy which, under some external 
stimulus not fully understood, is expended in forcing sap into the trees 
against pressures approaching 40 pounds per square inch and in main¬ 
taining such pressures over periods of several hours. The termination of such 
pressure periods appears to be definite and practically simultaneous in all 
trees of the locality as though it were caused by cessation of the pressure- 
inducing stimulus which then permits the sap to pass outward to the soil 
through the action of gravity. There is also the posability that the outward 
flow of sap is due in part to reversal of activity and not to inactivity of the 
root cells. 

The first of these papers was discussed by Messrs. H. F. Stimbon, A. S. 
Hawksworth, P. a. Smith, W. J. Humphreys, K. J. Seeoer, and 
C. Baraff; the second one by Messrs. P. S. Roller and P. A. Smith. 

11 48th meetino 

The 1148th meeting was held in the Cosmos Club Auditorium, Saturday, 
March 11, 1939, President Brickweddb presiding. 

Program’ Richard B. Roberts, Department of Terrestrial Magnetism 
of the Carnegie Institution. The aphttxna of uranium and thonum nuclei hy 
neutrons .—Several years ago Fermi ana collaborators observed that arti¬ 
ficial radioactivity is induced when uranium is bombarded by neutrons. 
Recently Hahn and Strassman have shown by chemical methods that among 
the radioactive elements produced are barium, cerium, and lanthanum. This 
observation was explained by Meitner and Frisch as a fission on the uranium 
nucleus into two roughly equal parts with approximately 200 million electron- 
volts of energy released in the process This theory was soon confirmed by 
observing the ionisation produced by these heavy and highly energetic 
particles. Neutrons were also found to be emitted in this fission process and 
these neutrons might conceivably lead to an exothermic chain-reaction. 
However, it appears very probable that separated isotopes of uranium in 
large quantities would be necessary to sustain such a chain-reaction. 
iAiUhor’s abatrad.) 

Michael Goldbeho: Linkage mechaniema in three dimennons .—A closed 
chain of n hinged links in three dimensions (that is, a linkage in which the 
hinges are not all parallel) has, in general, n-Q degrees of freedom. When n is 
less than seven, the linkage is generally rigid; a movable chain is said to be 
"paradoxical.” Models of the known paradoxical linkages of less than seven 
links were exhibited and discussed. These included the plane and spherical 
linkages, the Bricard 6-bar link^c, which is the basis of the deformable 
octahedron, the Bennett 4-bar lii&age, a new 6-bar linkage and two new 
6-bar linkages discovered by the speaker, plane and line symmetric 6-bar 
linkages, a special 6-bar linkage of 90' twisted links, and several classes of 
linkages employing plane links. {Author’s abstract.) 

The first paper was discussed by Messrs. E Teller, W. G. Brombachbb, 
F. C. Kracek, C. Baraff, and L. R. Maxwell. 
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1149th IIBBTIHO 

The 1149th meeting waa held jointly with the Washington Academy of 
Sciences in the Cosmos Club Auditorium, March 16, 1939, with President 
Chahbebb of the Academy presiding. 

Professor Enbico Febui, Department of Physics, Columbia University, 
spoke on The mesotron. The lecture was discussed hy members of the 
Academy and of the Philosophical Society. 

1150th IfEBTlNa 

The 1160th meeting was held in the Cosmos Club Auditorium, Saturday, 
March 25, 1939, President Bbickwedde presiding 

The Ninth Joseph Henry Lecture entitled ReeerU developments of cosmic- 
ray investigation was delivered by Dr. Thomas H. Johnston, Assistant 
Director of the Bartol Foundation of the Franklin Institute. This lecture, 
which was discussed by Mr. C. Babapf, has been published in this Joubnal 
29:233-256. 1939. 

1161bT MEETING 

The 1151st meeting was held in the Cosmos Club Auditorium, Saturday, 
April 8, 1939, President Bbickwedde presiding 

Program. Chableb K. Gbeen, Coast and Geodetic Survey: Submarine 
topography in the pUtd house .—Until the advent of echo sounding the average 
manner ^ve but little thought to the configuration of the ocean bottom 
while cruising in deep water. As long as his course was free from dangers it 
mattered little whether the vessel at the moment was pasring over a sub¬ 
marine knoll or a steep sided canyon. He could not utilise the charted depths 
for fixing his position without stopping the ship and measuring the depth 
with a wire—a time-coDsumin{| procedure resorted to in exceptional cases 
only. For ordinary navigation in deep water it was not practicable to use 
this method. 

Today, however, it is possible to obtain a continuous profile of the bottom 
with the vessel underway. This means that deep-water bottom relief has 
become important to the man in the Pilot House, since it is available for 
practical use in guiding his ship. Bottom features in deep water areas are 
not readily discernible on the conventional chart, on which soundings only 
are shown. A new method of charting was therefore needed. 

The first nautical chart to show detailed bottom relief by depth eontours 
has just been issued by the Director of the Coast and Geodetic Survey. 
This chart, 6101 A, covers the area off the coast of Southern California and 
the 60-fatbom depth contours printed in blue bring into prominence the 
many submarine “landmarks” useful to mariners in fixing position by echo 
sounding. 

By tms method of charting, full use can be made of the survey data, 
whereas on the conventional type chart of this area, only two percent of 
the soundings could be used without impairing legibility. (Avtiwr^s abstract.) 

0. W. Swainbon: Problems of the modem hydroprapher.—To develop 
radio acoustic ranging to its present state of reliability where the position 
of soundings taken in hydrographic survenng out of sight of land and for 
distances up to 200 miles can be obtained, enabling the accurate charting 
of submarine canyons and mountains, it was necessary to solve many prob- 
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lems. Some of those described were the development of safe and special 
bombs to be fired at depths up to 6,000 feet using a single electrical con¬ 
ductor; the determination of the path of the refracted sound wave in sea 
water; and the overcoming of the di£Sculty of reflection from submarine 
canyon walls and mountain sides. A formula was described for obtaining 
the distance of the bomb from the hydroplane using the approach to 
parallelism of travel time curves with distances over 30 miles. {Authm*B 
abstract.) 

The ^t paper was discussed by Messrs. J. Pawling and M. Qoldbsro; 
the second one by Messrs. G. T. Rude, W. Bowie, P. A. Smith, and A. S. 
Hawxsworth. 

1162d mbbtinq 

The 1152d meeting was held in the Cosmos Club Auditorium, Saturday, 
April 22, 1930, President Brickwedde presiding. 

Program: E. L. Klein, Naval Research Laboratory: Radiation pressure 
and Us measurement. —The paradoxical histoiy of radiation pressure is re¬ 
called. It is pointed out that, whether regarded on the basis of the wave 
theory or quantum theory, radiant energy possesses momentum. With this 
momentum is always associated radiation pressure. The smallness of radia¬ 
tion pressure is illustrated by calculating the tremendous power that a 
searchlight or loud speaker requires in order that the radiation pressure in 
the beam of light or sound might support a 2-ounce hat. This neglipble 
effect on earth is contrasted with the incredible magnitudes of radiation 
pressures dealt with in astrophysics. 

Devices fur measuring radiation pressure of light and of sound are de¬ 
picted Apparatus utiliang this effect in standardizing subaqueous acoustics 
are discussed. It is shown how the radiation pressure developed by a sound 
generator may be evaluated by two distinct radiometric instruments under 
identical conditions. Secondary standard microphones are calibrated by the 
aid of these devices. (Author's abstract.) 

L. B. Tuckerman: Mathemaiics <u she are taught. —Very many otherwise 
competent and well-trained engineers are either afraid of mathematics or 
scornful of any ennneering use of anything but the most elementary mathe¬ 
matics. They can hardly 1^ blamed for this attitude when they find that tho 
so-called mathematics, which they have been taught, repeatedly gives them 
wrong answers. Some engineering textbooks in wide current use even en¬ 
courage them in this attitude by sueermg at sound mathematical treatment 
and by treating some mathematical problems in ways which are inadequate, 
misleading, or even wholly wrong. 

Examination of textbooks of algebra, calculus, and function theory in 
wide current use today shows that these inadequate, misleading, and wrong 
treatments in engineering textbooks are to be ascribed partly, at least, to 
equally inadequate, mirieading, and wrong treatment of fundamental 
principles with which many mathematical textbooks, which are supporad 
to teach mathematics, are filled. It is no wonder that many students give 
mathematics up as useless and hopeless, convinced that they never can 
understand it. 

These statements are substantiated by many excerpts (shown as lantern 
slides) from textbooks in wide current use, containing, not a few minor slips, 
but many different inadequate, misleading, and wrong statements about 
fundamentals. 
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Fortunately some textbooks are not so bad as those from which these 
excerpts are taken and some teachers are careful to correct the faults of the 
texts. Nevertheless there is urgent need for drastic reform of the textbooks 
and the teaching of elementary mathematics in our schools. (AtUhar^a 
abatrad.) 

The first paper was discussed by Messrs. H F. Stimbon, P. A. Smith, 
A. S. Hawkbwobth, and H. L. Curtis; the second by Messrs. A. Wert¬ 
heimer, M. Goldberg, and T. Daktzig. 

1153d meeting 

The 1153d meeting was held in the Cosmos Club Auditorium, Saturday, 
May 6, 1939, President Brickwedde presiding. 

Program H. L. Curtis, C, Moon, M. Sparks, F. Wknner, J. L. Thomas, 
I. L. CooTER, F. R. Kotter: AbaoltUe measurementa of electrical reatalance — 
The resistance of a conductor in absolute ohms is the ratio of the potential 
difference between its terminals, in absolute volts, to the current, in absolute 
amperes, which is flowing through the conductor. However, the determina¬ 
tion of the resistance in absolute ohms has usually been made by methods 
which do not require the measurement, in absolute units, either of the 

g ^tential difference or of the current. By the methods used at the National 
urcau of Standards a comparison is made of the potential difference be¬ 
tween the terminals of a resustor carrying a current and the electromotive 
force which is induced in an inductor when this same current is changing in 
a definite manner. Then the absolute value of the resistance is obtained 
from the value of the inductance, which may be computed from its dimen¬ 
sions, and from a time interval which is determined from the manner in 
which the current changes, At the National Bureau of Standards two 
different methods have been carried to completion, in one of which a self 
inductance was employed and in the other a mutual inductance. 

I. Self-Inductance Method In the self-inductancc method an alternating 
current bridge was used for comparing the self inductance with a capaci¬ 
tance and two resistancoii The capacitance was then measured in a direct- 
current bridge in which the capacitor was charged and discharged a known 
number of times per second. The capacitance could be eliminated between 
the equations which connect the constants of these two bridges so that the 
inductance was determined in international henrys when the resistances of 
the two bridges were in international ohms The value of the inductance in 
absolute henrys was computed from the mechanical dimensions of the in¬ 
ductor and the permeability of the space which surrounded it. The ratio of 
these two values of the inductance gave the correction factor for converting 
the value of a resistance in international ohms to its value in absolute ohms. 

The self inductor used in the determinations outlined above was a single- 
layer solenoid. The solenoid was wound on a pyrex glass form, over a meter 
in length, in which a screw thread was cut and lapped on the outer surface. 
TVo problems were involved, one to have the pitch uniform, the other to 
have the diameter uniform. The method of lapping gave a pitch which was 
so uniform that methods of measurement were not available for showing 
that there were any variations. The maximum variation in dimeter was 
about one micron. In order to have the wire sufficiently uniform in diameter 
and free from kinks, it was drawn directly onto the cylinder. When a flat 
oilstone was passed lightly along the length of the finished solenoid, a spot 
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was polished on each of the wires; the depth of a ^t being less than a 
micron in every case. If there had been a variation in the diameter of the 
wire as much as 0.1 micron it could readily have been detected by observing 
these spots. 

II. Mutual-Inductance Method. The method of measurements involved: 
(1) cyclic reversals of the current in the primary winding of the mutual 
inductor without opening the primary circuit; (2) cyclic reversals of the 
connections to the secondaiy winding without opening the secondary cir¬ 
cuit; (3) the maintenance of a practically constant current in that part of 
the primary circuit containing the resistance which was being measured; 
(4) the maintenance of a practically sero current in the secondaiy circuit 
when adjustments were such that the rectified value of the induced electro¬ 
motive force was equal to the potential drop across the resistor; (6) when 
adjustments are properly ma^, R=*4nM, where R is the measured re- 
^tance, n is the frequency of the primary current cycle and Af is the mutual 
inductance. When M is expressed as the product of cm, /to and 10~', and 
n is the number of cyclra per second, A is in absolute ohms. 

The mutual inductor was a mo^fication of the Campbell type. The 
primary was a solenoid wound on a porcelain form and constructed by a 
somewhat similar method to that used for the solenoid in the sdf inductance 
method. However, the winding was not continuous but had two gaps which 
were symmetrical with respect to the center. This type of winding gave, 
outside the primary, a region in which the magnetic field was practically 
sero. The second winding was placed in this region. The secondary was wound 
in a groove made by cementing together three plate-glass rings, all having 
the same inside diameter but the two outer ones having a larger outside 
diameter than the inner ring. 

III. Results. The ratio of the absolute ohm to the international ohm by 
the two methods is in very satisfactory agreement. The averse value by 
the self inductance method for 104 measurements taken during the past 
year can be stated as 

1 NBS international ohm^l 000 484 absolute ohms. 

The value so far obtained by the mutual inductance method is 
1 NBS international ohm <>1.000 485 absolute ohms. 

(Author»’ abtlrad.) 

The above program was presented as four papers. The theory of the self- 
inductance method was presented by H. L. Curtis, the experimental pro¬ 
cedure and results of that method by C. Moon, the mutual inductance 
method by F. Wennsr, and the mutual inductor by J. L. Thomas. These 
papers were discussed by Messrs. P. A. Smith, L. B. Tuckbbmam, C. Snow, 
A. S. Hawkbwobth, E. Buckingham, and E. C. Crittenden. 

1154th meeting 

The 1154th meeting was held in the Cosmos Club Auditorium, Saturday, 
May 20,1939, President Brickweooe presiding. 

Program: A. Bramlev, Bureau of Chemistrv and Soils: A thermal method 
for the aemration of gaeee and isotopes. —Methods for separating gases by 
thermal diffusion [Chapman and Dootson, Phil. Mag. 33,248 (1917^ have 
been improved by making the proc^ accumulative [CluaiuB and Dickel, 
Naturwiss. 33,546 (1938); Brower and Bramley, Phys. Rev. S5,590 (1939); 
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Bramley and Brower, American Chemical Society Abstracts^ Baltimore 
Meeting (1039)]. Our glass apparatus consists of two concentric blinders, 
the inner one heated, the outer one cooled. Measurements were taken on a 
60-50 mixture of CH 4 and NHi at 20 cm pressure. The cylinders were 100 
cm long; the inner cylinder had a diameter of 1 cm. As the diameter of the 
outer cylinder was changed from 1.3 cm to 6.4 cm, the separation went 
through a hroad maximum. As the optimum diameter of 2.5 cm the mixture 
show^ a 27 percent enrichment of NH| at the bottom. With this apparatus, 
diameter of outer tube 2.6 cm and inner 1 cm, measurements were made 
on the effect of time, temperature, and pressure. At a pressure of 20 cm 
and average temperature of 150'’C. the separation reached 00 percent of its 
final value in 16 minutes. At this same pressure, the separation increased as 
the average temperature of the gas increased up to ITO’C. With a fixed 
power input, the separation increased as the pressure decreased from 60 
to 20 cm, below that it decreased again. Measurements have been made on 
separating the chlorine isotopes of HCl. (Author's abstract.) 

Bbian O’Brien, Institute of Optics of Rochester University: The mdblems 
of solar variabilitu and new methods of attack .—There arc many indications 
of variability of tne sun. The number and distribution of sun spots exhibiting 
clearly an eleven-year periodicity, changes in form of the solar corona, 
fluctuations in the earth’s magnetic field, and changes in the ionosphere all 
give evidence of periodic variation of solar origin The recent and excellent 
correlation between radio fade-outs and chromosphere flare.s is further 
evidence of solar variation reflected in terrestrial phenomena 

Perhaps the most direct method of attack on the problem of solar varia¬ 
tion is the systematic measurement of radiation received from the sun. This 
offers no great problems so far as the determination of radiation received 
at the earth’s surface, but to remove terrestrial effects from such measure¬ 
ments it is necessary to determine, at the same time, the transmission co¬ 
efficients of the earth’s atmosphere. The diflficulties of determining these 
precisely arc very considerable, but this problem has been attacked with 
much success by the Smithsonian Institution over a period of years. As a 
result the total radiation emitted by the sun, the form of its spectral energy 
curve, and the spectral transmission coefficients of the terrestrial atmos¬ 
phere under clear air conditions are known with high accuracy. 

_ The fluctuations observed in total radiation as received from the sun out¬ 
side the earth’s atmosphere are small, but there is reason to bebeve that 
these may be of much importance. Any improvements in the accuracy of 
determination of the atmospheric transmission coeflScients (the principal 
source of uncertainties) are thus very desirable. While measurements are 
less complete there is good evidence that fluctuations in solar radiation are 
much ^ater in the near ultraviolet than are those at longer wave lengths. 

In view of the above we have attacked the problem by measurement in 
the ultraviolet and at high levels in the earth’s atmosphere. This is being 
done in two ways. By the use of sounding balloons, photoelectric keyed 
radio-telemetering instruments are carried to altitudes of the order of 20 
km, above which level the uncertainties remaining in atmospheric trans¬ 
mission are very small. While excellent in principle, this method imposes 
very severe operating conditions for a preemon instnmicnt. The second 
method, which is appued independently, coiudsts in praise m^urement at 
two spectral regions (one in the ultraviolet and one in the infrared both 
removed from regions of strong absorption) of the solar radiation simul- 
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taneoiuly at the earth’s surface and at altitudes attainable by an airplane. 
By this means the uncertainties in transmission of the loww atmo^here 
due to dust, water droplets and other contaminations are eliminated. 

Although both methods are being tested experimentally, the instru¬ 
mental precision is not yet as grrat as desired, and development work is 
being continued. Details of this will be discussea. (AtdAor's lAiSraii.) 

Tha first of these papers was discussed by Messrs. R. E. Qibson, A, K 
Bbkwib, L. R. Maxwbll, and L. B. Tucksbiian; the second by Messrs. 
F. L. Mohliu, L. R. Maxwxll, T. A. Smith, L. B. Tuokkbmam, C. G. 
Abbot, and H. L. Cubtib. 

Raymond J. Sbiobb, Rewrding Swrdary 
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BIOLOGY.— The measure of 'population divergence and muUiplicity 
of characters} Isaac Ginsburo, U. S. Bureau of Fisheries. 
(Communicated by Waldo L. Schmitt.) 

In two previous papers (1937 and 1938) I discussed the problem 
of the species and its subdivisions and concluded that the lines drawn 
between these taxonomic categories must of necessity be arbitrary. 
In the later paper I employed a method for determining the precise 
divergence between natural populations, based on the character 
showing the greatest divergence (designated by Davenport, 1898. as 
the principal character, and the same term used in this papier), for 
the purpose of drawing piertinent arbitrary lines between those taxo¬ 
nomic categories. The question of multiplicity of characters was men¬ 
tioned only in a passing manner. This papier takes up this question 
in some detail. 

The determination of divergence may be considered with reference 
to time and to extent. Each one of these two factors may be con¬ 
sidered further with reference to a single character and to a number 
of characters. 

Time is, of course, an important element in divergence. With ref¬ 
erence to time, changes that result in the differentiation and isolation 
of piopulations from preexisting piopulations, as manifested by any 
one character, may be roughly divided into two categories: rapid 
and slow. The former class may be called explosive evolutionary 
changes. Changes sometimes designated as mutations are of the ex¬ 
plosive kind. (Geneticists have appropriated the use of the word mu¬ 
tation to express the idea of a change in the gene of any kind or de¬ 
gree. I use the word in the original sense, that is, to signify a piercept- 
ible change that is sudden, stable, heritable, and of appreciable 
magnitude, no matter what its immediate cause may be. We need 
two separate words to express these two ideas.) While probably not 
infrequent, it is apparently not the usual modus operandi of nature 
in evolution. The biological evidence adduced up to now makes it 
apparent that evolution, the differentiation of new populations from 

‘ Bsoeived February 2, 1989. 


317 



318 JOUBNAl. or THB WABBINOTON ACADIDIT Or BCIBNCSS VOL. 29, NO. 8 


preexisting ones, usually takes place by slow changes. It may be 
assumed that, in general, each succeeding generation—or at least 
some individuals thereof—differs, in any one given character, very 
slightly from the preceding one. The difference between any two suc¬ 
cessive generations, considered in their entirety as separate popula¬ 
tions, is usually so slight as to be imperceptible by our rather crude 
methods of observation and measurement. But the minute differences 
are crimulative, and when any two widely separated generations are 
compared, they may be detected by statistical methods. (It may be 
possible to test now the truth of this assumption. Possibly some 
museum has an adequate sample, collected a hundred or so years ago, 
of a population of plants or animals that reproduce annually and that 
have a short span of life, say, one or two years. Such a sample, when 
compared with a sample of the same population as it exists today, 
would represent an interval of 50 or more generations. With respect 
to evolution, biologists are tisually in the habit of thinking in temos 
of geological time; but hardly an 3 rthing is known now in regard to 
the time factor in evolution. Possibly in some cases an interval of 
even 50 or 100 generations may produce cumulatively, under natural 
or wild conditions—leaving out of consideration laboratory or do¬ 
mesticated conditions—a very small but statistically measurable 
difference. Crampton (1916, pp. 57, 120; 1932, pp. 78, 95) presents 
evidence to show that some populations of terrestrial gastropods of 
the genus Partvla have undergone average morphological changes, 
sometimes to a considerable extent, during an interval of a little over 
half a century, as well as changes in their geographic distribution. 
Although no detailed observations appear to be extant on the span of 
life, the age at maturity, and the time frequency of reproduction in 
Partvla, it seems safe to assume that a year represents the time inter¬ 
val of one generation and quite probably more than one.) 

Though time no doubt plays an important role in evolution, it is 
hardly of practical importance in discussions of the species problem. 
For one thing it can not now be determined with anything approach¬ 
ing precision, or, more generally, it can not be determined at all. It 
is also reasonable to assume that there is no sharp line of demarca¬ 
tion between the above two classes of change wi^ respect to time, 
and that one gradually merges into the other. We recognise only ex¬ 
treme examples of the explosive kind that happen to come under our 
observation and designate them as mutations. Even in populations 
undergoing comparatively slow changes there are apparently aU de¬ 
grees of differences in tempo. In general, it is obvious that some 
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populations, especially those belonging to certain genera, are now 
in a state of flux, actively changing and proliferating (the taxonomi- 
cally so-called “difficult” genera are of this kind), while others show 
no perceptible change during long intervals of time, hardly differ¬ 
ing even from their remote, fossil ancestors. Consequently, even if 
it were possible to use the time factor in determining divergence, 
we would have to draw arbitrary lines there also, the same as in the 
determination of the extent of divergence. Furthermore, the time 
factor, taken by itself, can not be used as a universal criterion in de¬ 
termining divergence. It is obvious that this factor depends on the 
span of life, age at maturity, fecundity, and length of the reproductive 
period of the particular population. Primarily it depends on the 
interval of time occupied by a generation, which, from this stand¬ 
point, may be taken to be its actively reproductive period. 

Chiefly from a practical standpoint, therefore, the extent of di¬ 
vergence is the important thing to consider. If pairs of closely related, 
natural populations diverge to approximately the same extent, at 
least by the principal character, they are to be regarded as of the 
same taxonomic rank no matter whether they diverged by explosive 
or by slow evolutionary changes of different degrees. 

In determining the extent of divergence the usuid existence of a 
multiplicity of characters introduces a disturbing element. If closely 
related diverging populations differed by only one character, the ex¬ 
tent of their divergence could be expressed readily and almost com¬ 
pletely by the measure employed in my paper referred to (1038), or 
by some similar measure. But diverging populations usutdly differ 
in more than one character. The diagram I presented (1937, p. 187), 
to illustrate the gradual series obtained when the divergences of the 
chief distinguishing character or the principal character of a number 
of pairs of populations are arranged in order, may also be used (omit¬ 
ting the horizontal lines) as a general graphic illustration of the di¬ 
vergences of several characters between a single pair of populations. 
That is, when two closely related diverging populations are carefully 
studied, we find that usually they differ in several characters showing 
different degrees of divergence, llie difficulty introduced by the usual 
existence of several diverging characters as between any given pair 
of populations was obviated by me (1938) by using the principal 
character as the basis of determining and measuring the extent of 
divergence. This method is seemingly incomplete. How are we to 
express the degree of divergence of two closely related populations 
by taking into consideration other characters in which they diverge 
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in addition to the principal character? What weight, if any, are these 
other characters to be given in measuring divergence? An altogether 
satisfactory answer to this question can not be given at present; but 
apparently not much weight should be placed on the other characters. 

The problem of the measure of divergence as related to a multi¬ 
plicity of characters may also be considered with reference to time 
and extent. With respect to time it is reasonable to assume that when 
a pair of populations diverge in more than one character, the several 
characters, in general, change about simultaneously, although this 
is probably not always and not altogether so. Consequently, it seems 
probable that the time element is usually of not much importance in 
determining the hypothetical sum total of divergence of all the char¬ 
acters. As far as the time factor is concerned, the principal character 
apparently forms an adequate basis for a measure of divergence. In 
any case, the time factor is not dehnitely determinable, and we are 
forced to leave it out of consideration in practice. While the time fac¬ 
tor is of much theoretical interest, its consideration at present must 
be almost altogether of a sp>eculative nature. For practical work in 
taxonomy we must rely on the extent of divergence. This is the factor 
of much practical importance in taxonomy, and it may be determined 
with some measure of precision. 

(Geneticists may be dissatished with some of the above statements. For 
instance, some would probably object to the idea of changes being cumu¬ 
lative in an accretive sense, with reference to decrees of magnitude in the 
development of a given character; and would restnet the idea to a statistical 
sense, that is, the gradually cumulative addition to the population of indi¬ 
viduals showing a given change or changes. With respect to any one pre¬ 
sumably single factor character, they probably would express the idea of a 
cumulative change m a population in their language, in terms of a chan^, 
fur some largely unknown causes, in the frequency ratios of alternative 
alleles. With respect to several characters, or any one presumably multiple 
factor character, they may want to exuress the idea as the statistical accum¬ 
ulation of mutant nnes in the population. However, I am speaking here 
from the point of view of the taxonomist. The chief cause of difference in 
the points of view of taxonomists and geneticists is that the latter deal 
mainly with a particular and comparatively restricted kind of differences, 
(qualitative differences; whereas taxonomists deal with all kinds of popula¬ 
tions, and the great majority of closely related populations differ quanti¬ 
tatively, not in the absolute, but in having different frequency distributions 
that very often overlap, even in those populations that are generally re¬ 
garded by taxonomists as of the rank of species. Because of the difference, 
by and large, in the material with which they work, they even think in 
different terms. Geneticists usually think of characters as of something 
being present or absent, or as of something that may manifest one form of 
two or more alternative and more or less discrete forms. Taxonomists, on 
the other hand, in consequence of the things with which they are more 
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familiar, generallv think of characters as being vanables that vaiy in a 
gradual manner about a more or less central mode, and in case of continuous 
variables, in virtually infinitesimal gradations. Another consequence is that 
in considering divergence between closely related populations, geneticists 
appear to think of and often lay stress on its being discrete or discontinuous, 
whereas taxonomists think in terms of degrees of magnitude that are virtu¬ 
ally infinitesimally graded. 

If current ideas regarding multiple factors and manifold effects of single 
genes are accepted as a working hypothesis, the proposition of a cumulative 
change in degrees of magnitude of a gradually variable quantitative char¬ 
acter is not excluded, on the assumption that the change in the visible char¬ 
acter is due to changes in a number of genes. Therefore, no matter how the 
propositiorw arc stat^, they refer to the same conclusion, that is, the usual 
way in which perceptible evolutionary changes in populations are brought 
about in nature is by the slow accumulation of minute differences. 

The business of the taxonomist is to distinguish fiopulations—species, 
subspecies, and races—by their visible morphological characters. The deter¬ 
mination of their genetic constitution is a coordinate but, in practice, a 
separate problem. While a good beginning has been made toward an under¬ 
standing of the operation of the genetic factors in heredity, it is only a 
beginning, and it may be expected that current hypotheses will be modified 
with increased knowledge What the taxonomist is doing is to study the end 
products of the very complex interaction of genetic factors. A proper syn¬ 
thesis of the two closely allied branches of biology, genetics and taxonomy, 
is sorely needed Perhaps, in the present state of knowledge, the time is 
not yet ripe for such a constructive synthesis. Meanwhile. I am here speak¬ 
ing the language of the taxonomist. The statements maae above flow as a 
a plausible consequence of his experience. They also do not seem to be in 
conflict with the known facts so far uncovered in genetic studies.) 

The exierU of divergence of a multiplicity of diverging characters 
may be considered by referring to some hypothetical populations. Let 
us assume a pair of closely related populations, alpha and heta^ that 
differ by two characters, A (Fig. 1) and B (Fig. 2). The divergence of 
character A is such that no intergrades exist; that is, the extent of 
divergence is 100 percent, every individual may be definitely referred 
to one or the other population on the basis of this character; while 
character B shows a very high degree of intergradation. Let us as¬ 
sume further another pair of population, gamma and della, that also 
differ by two characters, C (Fig. 3) and D (Fig. 4), both characters 
showing a moderate degree of intergradation. Character D, as indi¬ 
cated in the figure, is assumed to show a slightly higher degree of 
intergradation than C, and C is, therefore, the principal character as 
between these two hypothetical populations. In this hypothetical 
case a number of individuals are not definitely referable to either 
population on the basis of any one character. When both characters 
are considered a number of such intergrades will likely be placed with 
a satisfactory measure of assurance by one of the characters falling 
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near the mode or even near the outer extreme end of the distribution 
of its population; but a residue of the individuals will likely have 
both characters intergrading. 

Judged by criteria now in practical use by biologists in distinguish¬ 
ing populations, it is evident that the first pair of the foregoing two 
hypothetical pairs of populations shows a relatively greater extent 
of divergence than the second pair, because every individual, with¬ 
out exception, can be definitely referred to its proper population. The 
relative degree of divergence between the first pair of populations, 



Fig \ —Graphic repreaentation of frequency distributione of character A in two 
hypothetical populations, tdpha and beia. Fig 2.—Graphic representation of fre¬ 
quency distributions of character B in two hypothetical (Mpulations, alpha and bHa 
Fig 3 —Graphic representation of frequency distributions of character C in two 
hypothetical populations, gamtna and dcua. Fig 4.—Graphic representation of fre¬ 
quency distributions of character D in two hypothetical populations, gamma and delta 

as compared with that between the second pair, may be indicated 
by some measure expressing the extent of divergence of the principal 
character in the two pairs, characters A and C, respectively. But how 
are we going to combine the divergence of the two characters in each 
pair of populations in order to compare the relative divergence of the 
two pairs? Apparently a combination that will include the full meas¬ 
ure of divergence of each character separately will likely show a higher 
relative divergence of the second pair of populations, a misleading 
result. If we are to include the lesser diverging character in the mea»< 
ure of divergence, it must be weighted, and weighted so that it will 
have only a very minor effebt on the measure as determined by the 
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single character showing the greatest divergence. The development 
of a satisfactory method of weighting to produce a piertinent index 
of divergence is problematical. It seems apparent that a measure of 
divergence based only on the character showing the greatest diver¬ 
gence is fairly adequate, although iierhaps not altogether complete, 
as an expression of the relative divergence of the above two hypo¬ 
thetical pairs of populations. 

It should not be difficult to find in nature examples approximately 
corresponding to the above hypothetical cases. The same order of 
reasoning may be applied to three or more characters, and to the 
untold multitude of actual cases that may be encoimtered in practice. 

Measures that have been proposed based on a combination of sev¬ 
eral characters are unsatisfactory. A few examples of such measures 
are next cited and discussed.^ 

Physical anthropologists have been using such a measure, desig¬ 
nated as the “coefficient of racial likeness.” This was devised chiefly 
for use in cases in which only small samples are available, on the 
assumption that the study of many characters and the combination 
of the sum of their differences in a single figure will compensate for 
the paucity of individuals studied and yield comparative figures that 
would be more reliable than those based on the comparison of a 
single character (see Pearson, 1926). Of course, the same measure 
may be applied to samples of fair or large size. The formula in use for 
determining this measure depends chiefly on the following factors: 
(1) the difference between the means of any one character of the two 
populations compared, (2) the standard deviation, (3) the number of 
specimens in the samples, (4) the summation of the values for the 
separate characters, (5) division of the value obtained by the number 
of characters. When a sample is small the standard deviation deter¬ 
mined by it is unreliable, and that of the nearest related population 
for which an adequate sample is available is employed on the as¬ 
sumption that anthropometric data usually have a nearly normal 
distribution and that there is not much difference between the stand¬ 
ard deviations of the different populations. 

Seltzer (1937) discusses some of the errors and fallacies inherent 
in the “coefficient of racial likeness” when used as a measure of di- 

> Students of the differing frequency distributions of blood groups in different 
populstlons of the genus Homo have been using a ^'biochemical index” or other indices 
to express population differences in terms of a sinde figure. These indices do not 
represent a combination of two or more obaraoters, but a combination of percentage 
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vergence, as follows: (1) For any given character, it assumes arbi¬ 
trarily and unjustifiably a single standard deviation for different 
populations. (This objection may be overcome when the samples 
compared are of fair size, and the standard deviation of each popula¬ 
tion separately determined.) (2) It depends on the number of char¬ 
acters used in the comparison. (3) It depends on the number of 
specimens in the samples. (4) Fundamentally, it is not a measure of 
divergence, but rather an expression of probability. (6) What is most 
important of all, Seltzer shows that biologically it is altogether inap¬ 
plicable, because it results in absurdly misleading conclusions. (The 
last three objections I raised in my 1038 paper in connection with the 
application of current formulae to a single character for the purpose 
of measuring divergence. The very fact that the coefficient of racial 
likeness is an expression of probability should lead one to expect that 
it will often result in false conclusions when used as a measure of di¬ 
vergence.) 

Much simpler methods of combining several characters have been 
employed by some students of fishes in comparing populations or 
samples. Hubbs and Whitlock (1928, p. 471) compare two samples 
by determining the value of a ratio the numerator and denominator 
of which represent the products of measurements of certain parts, 
respectively, of the head and body. Koelz (1929, p. 426) also uses a 
ratio to express, in part, the difference between two populations 
(designated by him as subspecies), but the numerator and denomi¬ 
nator represent the sums of the numerical value of two measure¬ 
ments. Schultz and Welander (1934, p. 6) employ the simple addition 
of the number of anal, dorsal, and both pectoral rays to determine the 
difference between two species. Similarly, Hubbs and Kuhne (1937) 
employ the sum of the numbers of anal, dorsal, ventral, and pectoral 
rays and the scales to determine the difference between two popula¬ 
tions (designated by them as subspecies). Schultz and Schaefer 
(1936, p. 5) go a step farther and compare certain populations by both 
the addition and subtraction of the numerical values of certain char¬ 
acters, and the same device is employed by Schultz and Thompson 
(1936, p. 74), by Schultz and Reid (1937), and by Schultz (1937, 
p. 19). 

By any of the above devices of combining characters, the nrunerical 
value of the combination is determined for each individual separately. 
A frequency distribution may then be arranged based on the indi¬ 
vidual numbers thus obtained. 
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For the purpose of deterinimng relative divergence, or the taxo¬ 
nomic rank of the particular pair of populations compared, the com¬ 
bination of characters as determined by the above workers is inap¬ 
plicable because it will prove to be misleading in many cases. Its use 
as a measure of divergence is therefore excluded for this one reason, 
outside of any other consideration. Tt is readily conceivable that by 
the use of such figures in the form of frequency distributions, some 
races may be shown erroneously to diverge to a greater extent than 
some species. It should not be difficult to find examples in nature to 
prove the truth of this assertion. 

Judged by the evidence presented in one of the papers cited above, 
that by Schults (1037), the two populations compareil, MaULoius vtU 
lo8U8 and M. ccUervanua, are evidently not more than races, or sub¬ 
species at the most. Schultz compares in detail a larger number of 
characters than usual in such cases. It is work done m a thorough 
manner by methods that will help us solve the species problem. 
It is unfortunate, therefore, that his frequency distribution tables 
were not published, so that we could judge the precise divergence of 
every character separately. However, judged by the summaries of 
his data presented, the ranges and the means, it seems evident that 
the two populations intergrade widely in every character. Yet, when 
a certain number of characters are combined, by addition and sub¬ 
traction, a frequency distribution is obtained that even shows a gap 
between the two populations. It should be possible to obtain the same 
result with ma'ny pairs of races if they are studied in as great detail 
as Schultz studied the pair of populations mentioned. 

Another important matter to consider in this connection is the 
number of diverging characters. Let us take, for instance, two popula¬ 
tions, epsilon and zeta, whose divergence in one character is close to 
1(X) percent, or, concomitantly, intergradation is close to zero; and 
suppose, furthermore, that they do not diverge very appreciably in 
any other character. Nearly every individual may thus be referred to 
either population by the single, widely diverging character, and the 
two populations are to be properly regarded as distinct species. Now, 
let us suppose two other populations, eta and theta, that differ by, say, 
ten diverging characters, and furthermore, that there is considerable 
intergradation in every character, so that divergence of any one char¬ 
acter is not more than of racial magnitude. In that case the two 
populations are to be properly regarded as of racial rank only, yet 
if the numerical values of the several characters are combined by the 
methods employed by the above authors, the two populations may 
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show a high degree of divergence, perhaps even a gap between them, 
higher than the divergence between populations epn/on and teta. The 
two populations studied by Schultz, mentioned above, apparently 
constitute an example very similar to our hypothetical eta and theta. 

The foregoing discussion relates chiefly to the device of combining 
the numerical value of characters by addition and subtraction. The 
same misleading results will be obtained by combining characters in 
the form of ratios or by division. A consideration of this manner of 
combining characters may be simplified by reducing it to its lowest 
terms, the combination of two characters. In the two hypothetical 
pairs of populations illustrated above, for instance, let us assume 
that character D differs in such manner that it has a greater numeri¬ 
cal value in population gamma than in della, that is, the left-hand 
curve in Fig. 4 represents delta while the right-hand curve represents 
gamma. Then, if we combine the two characters in the form it 
seems apparent that, for most specimens at least, the values ~§- will 
be relatively greater for delta than for gamma, than in the comparison 
of the values of C alone. (This will depend to some extent, in indi¬ 
vidual specimens, on the degree of correlation of the two characters 
in each one of the two populations; but in general, the above state¬ 
ment may be expected to hold.) Consequently, the two arbitrary 
frequency distributions obtained from the values representing 
gamma and delta, respectively, will evidently show a greater diver¬ 
gence than either C or D taken separately. On the other hand, if we 
suppose that the niunerical value of the characters A and B remain 
as illustrated, then the arbitrary distributions obtained by the com¬ 
bination -B 'will likely show a lesser degree of divergence than that 
shown by the divergence of character A when considered by itself. 
In other words, by combining the two characters in each pair of popu¬ 
lations as indicated, gamma and delta may show a higher degree of 
divergence than alpha and beta, evidently a misleading result. When 
the numerator or denominator, or both, are, in their turn, made to 
represent a combination of more than one character, by addition, 
subtraction, or multiplication, things become more complicated, but 
it is apparent from the foregoing discussion that combining characters 
in such manner will often result in misleading conclusions. 

Such combinations of characters by addition, subtraction, multi¬ 
plication, and division of their numerical values, when carried to their 
extreme as is done in some of the papers cited above, on the whole 
give the impression of a mere manipulation of figures rather thap that 
of sound statistical treatment of the data. This impression appears 
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justified by the misleading results that are apt to occur. Fundsr 
mentally, what taxonomists are actually doing in dis tingiiwh iTip 
species, subspecies, or races, either by a numerical combination of 
several characters or by a consideration of every character separately, 
is to determine the relative degree of divergence; although this idea 
is often lost sight of on superficial thought. Our basis of comparison 
is, of course, always a single pair of populations. We determine to 
what degree a pair under consideration diverges and compare this 
divergence in relation to divergences shown by other pairs, either in a 
definite manner as 1 (1938) have suggested, or by rule of thumb as is 
usually done in taxonomic practice. That is just what most of the 
above-mentioned authors set out to accomplish, to determine by 
combining several characters the relative divergence of their popular 
tions, for the purpose of deciding whether they represent distinct 
species or categories of lower rank. For this purpose, their device of 
combining several characters is altogether misleading. What is par¬ 
ticularly misleading in the use of such devices is that the arbitrary 
frequency distribution obtained as a result of the combination of 
the several characters may be treated by the ordinary statistical 
methods—as, indeed, a wholly mythical frequency distribution may 
be treated—to determine the value of the standard deviation, the 
probable error, the probability ratio, etc. Such treatment, seemingly, 
covers the figures with a cloak of statistical respectability, so to 
speak; it gives them a seeming validity. But, biologically, for the 
purpose of determining relative divergence, the figures are mislead¬ 
ing, as discussed. 

The foregoing devices of combining characters, in their extreme 
form, are carried to a point where they constitute almost a reductio 
ad absurdum going to prove their inapplicability. One is then com¬ 
pelled to reexamine the entire question more fully and work backward 
to the more simple forms. As a consequence, the applicability of 
some proper appearing, simple methods of combining characters is 
cast in doubt. For instance, it is the general impression among 
taxonomists that it is proper to use a ratio of two given measurements 
for the purpose of distinguishing species or populations of lower 
rank. 1 have used this method for distinguishing Gobtosotna bosct 
from O, robuatum in my revision of their genus, and I used (1938) 
that comparison as one of the examples in establishing a gradual 
series of relative divergences. I (1929, p. 80) have also used the same 
method, in part, in comparing two populations of Cynoscion, Other 
taxonomists, and physical anthropologists in particular, sometimes 
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use character indices in the form of a ratio based on the numerical 
value of two measurements. Doubt is now cast on the propriety of 
treating the data in this manner for the purpose of determining rela¬ 
tive divergence. 

From this point of view, one of the general, basic methods of fish 
taxonomy needs a reappraisal. Measurements of various parts are 
generally used in distinguishing p>opulations of fishes of specific or 
lower rank. The measurements are generaUy stated not as absolute 
values, but as the numerical value of a ratio, generally as entering so 
many times in the standard length (that is the combined length of 
head and body), or in the head. Sometimes a ratio is stated in per¬ 
centage form. This method is adopted because measurements differ 
with the size of the individual, and consequently absolute measure¬ 
ments would often be of limited value unless they were based on 
individuals of approximately the same size. At any rate, measure¬ 
ments as generally employed in distinguishing populations of fishes 
are used as a combination of two characters. In view of the foregoing 
discussion, it may be asked, Do they form a legitimate basis for the 
determination of relative divergence? 

It is well to emphasize here the distinction between two ideas or 
processes, namely, identification and determination of relative di¬ 
vergence. A combination of the numerical values of two or more 
characters to form an index may be useful in identifying specimens. 
However, identification is not the only function of taxonomy. By a 
comparative study of morphology taxonomists are also trying to 
interpret relationship. And what is of greater immediate importance, 
they are classifying populations into categories—species, subspecies, 
races, etc. For the latter purposes we need to determine relative di¬ 
vergence as precisely as possible, and for this determination the com¬ 
bination of the numerical values of several characters will often prove 
misleading. These values may be shuffled so that a pair of races may 
show a greater degree of divergence than a pair of species, and a pair 
of closely related species a lesser degree of divergence than a pair of 
races compared. It remains to be determined to what extent and how 
often the combination of two characters in the form of a ratio, such 
as the cephalic index of physical anthropologists, or the manner of 
expressing measurements employed by fish taxonomists, may be used 
in expressing relative divergence and how often it will be misleading 
for this purpose. 

It has been stated above that for the purpose a precise determi¬ 
nation of relative divergence, the principal character constitutes a 



August 15, 1939 ginsbubg: ubabure of population divebqience 329 


basis for an adequate measure with respect to time and fairly ade¬ 
quate with respect to extent. Not only that, but the foregoing 
discussion makes it evident that it is the only proper basis now 
available. It is doubtful whether the other characters are to be con¬ 
sidered at all in determining the measure of divergence, and in any 
case they should be afforded a very minor weig^ht. The proper basis 
of determining such weights is not apparent now. In determining 
relative divergence every character must be considered separately, 
and apparently the best we can do now is to consider the other char¬ 
acters in a general way, in pairs of populations standing near the bor¬ 
der line between the species and the subspecies, or the subspecies 
and the race, as determined by the principal character, as was sug¬ 
gested in my 1938 paper. The proper consideration of the other char¬ 
acters in this manner will, of course, depend on the thoroughness, 
skill, insight, and intuitive capacity of the taxonomist. 

Other difficulties in the way of combining several characters appear 
altogether insurmountable. One of these is the possible existence of 
unequal numbers of diverging characters as between two or more 
given pairs of populations. This point has been raised above and 
hypothetical examples cited. liCt us suppose further that one pair 
diverges in ten and another in twenty characters. Apparently, by 
combining all the characters in both cases, the two measures thus 
obtained will not express fairly the relative divergence of those two 
pairs of populations. To limit ourselves to a certain definite and equal 
number of characters in both pairs, as is done by Morant (1928), for 
instance, is a wholly arbitrary procedure; because on the assumption 
that the other characters, besides the principal one, arc of importance 
in determining the measure of divergence, they should all be included 
in a determination of that measure for any one given pair of 
populations. 

Another insurmountable difficulty is that it is practically impossible 
to study all characters. This is especially true if we are to include 
measurements of the head, body, or separate organs, or parts of the 
head, body, or organs, or the distance between any two given points, 
measurements by which distinct populations usually differ more or 
less. The number of such characters may be almost indefinitely in¬ 
creased. In practice, therefore, the number of characters studied 
necessarily must be limited, and the determination of divergence 
somewhat incomplete as far as it relates to the minor characters. 

From the foregoing discussion the conclusion is reached that the 
principal character forms a fairly adequate basis for a measure of 
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divergence of a given pair of populations, which may be used in de¬ 
termining relative divergence in a series of pairs. It is the only ap¬ 
propriate basis now available. The other characters, if considered at 
all for this purpose, should be given very minor weights. In any case, 
it is practically impossible to include all the minor characters. 
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PALEOBOTANY .—Fossil plants from the Cretaceous of MinnesfAa} 
Edwabd W. Berby, Johns Hopkins University. 

In part 1 of volume 3 of the Final Report of the Geological and 
Natural History Survey of Minnesota there appeared a paper on the 
fossil plants prepared by the veteran paleobotanist Ijeo Lesquercux. 
This was published in 1895, and in it he identified 28 species of fossil 
plants, most of them well-known Dakota sandstone forms. He stated 
that they were entrusted to him for description by N. H. Winchell, 
the St^te geologist. The bulk of the material came from the banks of 
the Cottonwood River near New Ulm, but several are recorded from 
Mankato and from Goodhue County. 

If the reader will consult the snudl scale geologic map that forms 
the frontispiece of the volume he will observe that considerably more 
than the western half of the State was thought to have been sub¬ 
merged by the eastern borders of the waters that flooded the great 
Colorado geosyncline during Middle and Upper Cretaceous times, 
and it has always seemed strange that no local geologist or paleon¬ 
tologist has been inspired to cultivate this field m the more than two 
score years since Lesquereux penned his report. 

In January 1938,1 received from Dr. F. M. Carpenter, of the Mu¬ 
seum of Comparative Zoology at Cambridge, two specimens that had 
been submitted to him by Prof. Clarence Nickel, of the University of 
Minnesota. The specimens had been collected by Ludwig Koelnau, 
one-half mile north of Springfield, Brown County, Minn., and with 
the idea that they might represent some sort of an insect larva or 
pupa had been submitted to the Entomology Department of the 
University. 

This locality is not far from the Big Cottonwood outcrop from 
which the bulk of the material came that was described by Lesquer¬ 
eux. My great interest led to Prof. C. O. Rosendahl’s sending me in 
February of last year a small collection made from the Big Cotton¬ 
wood outcrop, which is about 1 mile southwest of Springfield. 

In addition to the pod mentioned above, there are several other 
things not before found in the Dakota of Minnesota, so that it is 
quite apparent that detailed and persistent exploration of this hori¬ 
zon would add considerably to the Cretaceous flora of Minnesota. 

This brief note seems distinctly worth while to call attention to this 
neglected field aside from what it adds to our knowledge of mid- 
Cretaceous plants. 


* Received Merob 1, 1989. 
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CapBulocarpus dakotensis, gen. et sp. nov. Figs. 1-4 

Aa will be realised from what follows, the nomenclatorial problem raised 
by the present specimen is perplexing, and I have reached a tentative solu¬ 
tion by proposing the botanically noncommittal pseudogenus Capmlocarpw 
in order that there may be a name for these objects. For the present it has 
the features of the type species, which may be characterized as follows; 

Podlike capsule, which, from the nature of its outer surface, was probably 
indehiscent. Somewhat falcate in outline, abruptly pointed distad, narrowed 
to a short and stout peduncle proximad, in6ated and circular or inflated 
lenticular in cross section, filled with approximately circular thin seeds at 
right angles to its axis. This appearance may not represent seeds but may 
be due to the transverse direction of the fibrous inner wall of the capsule, 
the suggestion that it may be duo to the edges of seeds being furnished by 
certain existing forms in the family Bignoniaccae. An external impression 
of the capsule is furnished by the counterpart of the specimen shown in 
Figs. 1 and 3. This is marked bv a series of shallow oblique curved ribs and 
depressions roughly parallel wito the convex side which arc rather sharp and 
distinct on this convex side, but which diminish in magnitude and become 
obsolete about halfway toward the concave side. The whole organ is slightly 
under 5 cm in length and about 1 7 cm in width. If the bas relief shown in 
the specimen was symmetneal in life it was about 1.4 cm in thickness. 

There is an undescribed specimen of what must be regarded as the same 
thing in the National Museum collections, which I owe to the courtesy of 
Dr. R. W, Brown and which comes from the Dakota sandstone 12 miles west 
of Lincoln, Ncbr. This is somewhat smaller than the Minnesota specimen 
but shows the same falcate shape and transverse markings as the Minne¬ 
sota specimen. This is about 3 cm long and 7 or 8 mm in maximum width 
and at most could be considered a second species of the same genus. For 
the present there seems to be no ground for regarding it as a distinct species, 
particularly in view of the following: Lesquereux in 1868 described from the 
Dakota sandstone at Decatur, Nebr., what he called PUrophyllum haydenu,* 
In his Cretaceous Flora’ he published figures, and in 18^ and 1802 be re¬ 
ferred to it as PodozamUea haydeni.^ The original of T.icsquereux’s figure 6 
can no longer be found, but I have before me the original of his figure 6b. 
This, although somewhat compressed and otherwise poorly preserved, is 
exactly like the Minnesota specimen and approximately of the same size. 
The artist has emphasized a series of parallel longitudinal lines in keeping 
with what should be seen in a cycad pinnule (such as I^esquereux thought 
the specimens to be) and has entirely ignored the much more prominent 
transverse lines like those shown in the Minnesota specimen (Fig. 1). 
Lesquereux’s specific name has not been taken up for the present species 
because it also included later discovered remains, which he subsequently 
regarded as a species of Abietites, so that if I have violated the canons of 

‘ Lbsqccbbux, L. Amar. Joum. SoL 44: 91. 1868. 

* -U. 8 Geol. Sur7. Terr. 6: 49, pi 1, figs. ^ Bb. 1874. 

* -Ibid. 8: 27. 1883; U. 8. Geol. Surv. M^n. 17: 26. 1892. 
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Figs. 1-4.—Capfluioearptu (iaikoiafUM Berry, n ap. 1 and 3 the inner part, 2 and 4 
the ImpreflBion of the outer surface. 1 and 2 are from untouched photographs. Fig. 
6.—ProtophuttododiM MvhinUgnfoliu 9 (Lesquereux) Berry. Figs, fl, 7.— Sa$8afra9 
aoutHobum Lesquereux. 
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nomenclature, some taxonomic purist may have the pleasure of changing my 
proposed name. The really important fact is that an identical apedes occurs 
m both Minnesota and Nebraska and that the supposed cycad in the Dakota 
sandstone flora, Pterophyllum and Podoxamites, goes into the discard and 
disappears from paleobotanical literature. 

Regarding the possible botanical relationship of these fossil fruits the story 
is about as involved as is the taxonomic one. 

The present specimens at once suggested comparisons with a form de¬ 
scribed first in 1878 by Lesquereux and called CarpoWua arachundea, and 
subsequently changed to Leguminontea arachioidea from a fancied resem¬ 
blance to the modem peanut (Arachta). This form has been found at a score 
of localities near the Cretaceous-Eocene boundary throughout the Western 
United States and Canada and in the lower Eocene of the Mississippi em- 
bayment The largest of these are only about one-half the sise of the present 
specimens* and occur in racemes They are similarly inflated and ornamented 
with longitudinal and transverse markings, and similar but smaller forms 
were described by mo in 1930 as LegummosUea arachtotdea minor* and by 
Knowlton from the Denver formation of Colorado as Benya racemoaa.'' 

Meanwhile Brown* has discussed the question of the botanical relation¬ 
ships of these objects, and has shown that they are related to the existing 
Asiatic genus Cerctdiphyllum, to which many of the early Tertiary leaves 
described as Popuhta are also related Brown’s proof, which I regard as 
conclusive, consists in finding at scores of localities the leaves in association 
with the capsules and characteristic tiny winged seeds. In a paper now in 
press, which I have been pnvileged to read, he gives complete det^. 

At first I was disposed to consider the Minnesota capsule as closely related 
to these trochodendraccous forms, but its large site, different habit, and 
different external ornamentation, as well as the possibility that the ornamen¬ 
tation of the inner capsule (Figs. 1 and 3) might indicate a column of disk- 
likc seeds, suggested caution, and at present I am unable to suggest its bo¬ 
tanical affinity. I doubt if it belongs to the Leguminosae and believe it will 
be found to represent some genus, perhaps an extinct one, of the family 
Bignoniaceae 

In connection with this material attention should be called to an object 
described by Newberry from the Raritan formation of New Jersey under 
the name of Tnearpetlitea afnatus.* His figure 9 is especially like the external 
impression of Capaulocarpua dakoteruta. 

* See Biaar, E. W. U. 8 Geol, Surv. Prof. Paper 91, pi. 48, ffg. 9. 1916. 

* Bbbbt, E W. U. S. Geol Surv. Prof. Paper 154: 89, pi. 14, figs 3-6. 1980, 
Knowivton, F. H U. B. Geol Surv. Prof Paper 155: 184, pi. 41, figs. 4, 6. 

* Bbown, R W Joum. Pol. 9: 576, pi 68. 1986. 

* NEWBKRKr, J. S U. S. Geol. Surv. Mon 24: 182, pi 46, figs. 9-18. 1896. 
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Protophjdloclsdus sublntegrifolius (Leequercux) Berry Fig. 5 

The usually incomplete leaves or phyllodes of this species arc the most 
abundant in the collection studied. Described first by Lraquereux^^ from the 
Dakota sandstone of Kansas and Nebraska as a fossil species of PhyUo^ 
cladvM^ it was recorded from the Atane beds of western Greenland by Heer 
under the name of Thinnfeldia leaqueretixiana.^^ Newberry reported it from 
the Raritan formation of the Amboy district in New Jersey, and still later 
it has been found to be of common occurrence in the Magothy formation 
of the Atlantic Costal Plain, in the Tuscaloosa formation of Alabama, in 
the Frontier formation of Wyoming, \n the Cretaceous of Alaska, and m 
Russian Sakhalin. Meanwhile other species have been described from 
Alaska, the Western United States, and Patagonia. 

The Minnesota specimens are perfectly characteristic. Its botanical affini¬ 
ties have been much discussed.” 

Sassafras acutilobum Lesquereux” Figs. 6, 7 

Also relatively abundant in the present collection are leaves that are 
indistinguishable from this species, first described by Lesquereux in 1874 
from the Dakota sandstone of Kansas, and since recorded from numerous 
additional localities, especially along the Atlantic and Gulf borders from 
Marthas Vineyard to Alabama in the Raritan, Magothy, and Tuscaloosa 
formations. 

Lesquereux described many species of SasBofras from the Dakota, and 
other similar lobed leaves as various species of AraltopstB^ Plalanus^ Cxs- 
BiUs^ and Sterculta. Tbcir generic relations are extremely tangled and over¬ 
lapping. Some of these are certainly related to SassafroB and some are not. 
The geological history of the genus is treated at some length by the present 
writer, to which account the reader is referred.” The Minnesota specimens 
are identical with those of the type from the Dakota sandstone. Any ex¬ 
tended discussion is not pertinent in the present note and would be endlessly 
complicated by the jealousies growing out of the rivalry between Lesquereux 
and Newberry and the feeling engendered by the establishment of the U. S. 
Geological Survey and the liquidation of the Hayden Survey. While this 
rivalry was not so venomous as that between Cope and Marsh in the verte¬ 
brate field, it resulted in similar, if somewhat less marked, taxonomic 
tangles. 

Laurus plutonia Heer 

Several specimens of this quondam species are present in the present 
collection. It was first described by Heer from the Dakota sandstone of 

LflBQumiiin^ L. Amer. Jour. Set 46: 92. 1868 

“ Hmr, O Flora fosailii Arotica 6(2). 37 1882. 

“ See BEaay, E. W. Bull. Torrey Bot Club 30; 4«. 1903 , ^ „ 

» A falriy complete synonymy is given by Bbbrt, E W. Maryland Geol. Survey 
Upper CreUuieou$tP. 866. 1916. 

” Bwuit, £. W. Tree aneeeloret pp 247-261. 1923 



336 JOURNAL or the wabhinoton academy or bcibnceb VOL. 29, KO. 8 

KanHaa and was doubtfully recorded by Lesquereux from New Uhn, Minn. 
It haa also been recorded from a large number of Upper Cretaceous looalitieB 
in West Greenland, along the Atlantic border of the United States from 
Marthas Vineyard to Alabama and Texas. The name Laurua does not imply 
a close relationship with the existing Old World species of Laurua, but it 
has been used by paleoboianists in the sense that a few wiser authors have 
used the pseudogeneric term Laurophyllum, implying some undetermined 
genus in the family Lauraceae 

ZOOLOGY.—Onychocythere, a new genua of marine oatracod from 
Florida, with a description of one apeciea.^ Wilub L. Trebsleb, 
University of Buffalo. (Communicated by Waldo L. Schmitt.) 

Two specimens, a male and a female, of this ostracod were sent to 
the writer by Dr. Waldo L. Schmitt, curator of marine invertebrates, 
U. S. National Museum, for identification. They were collected by 
Miss Louella E. Cable from the stomach of a shad caught at Welaka, 
Fla., in the St. Johns River on April 1,1938. The shad (Aloaa aapidia- 
sima) had a total length of 478 mm and a standard length of 327 mm. 
There was very little food in cither the stomach or intestine, as is the 
case with most of the adult shad examined. In the summer of 1936, 
two collections of shad totaling 58 specimens were taken from the 
Hudson River and were found to have been feeding on surface drift 
exclusively (Tressler and Bere, 1937). In the Florida shad the stomach 
contents amounted to only 4.0 cc, most of which consisted of tiny 
bits of plant material, rotted leaves, twigs, and grasses. In addition 
there were 80 copepods identified by Dr. C. B. Wilson as Meaocyclopa 
leuckarti (Claus), 1 nematode, 4 daphnia identified by Dr. C. Juday 
as Daphnia longisptna var. hyaltna, 1 chironomous larva, 1 minute 
crab leg, and 6 ostracods. The ostracods consisted of the two speci¬ 
mens mentioned above and four specimens of Cypna opthalmica, a 
common fresh-water species. The shells of the marine ostracods were 
somewhat disintegrated (this was particularly true of the shell of the 
female), while those of Cypna were well preserved. It seems likely, 
therefore, that the marine ostracods had been in the stomach for 
some time before the fresh-water forms had been eaten. The cal¬ 
careous shell is fairly resistant to the action of weak acids, and evi¬ 
dently the gastric juice requires a considerable period of time before 
the contents are available as food. The exact location of the habitat 
of this ostracod is, of course, indeterminable, but as the vast majority 


‘ Received March 18, 1939. 
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of the fAinily CytheridAe and all the known memberB of the subfamily 
Cytherinae are marine, it is logical to suppose that the shad had fed 
upon them in the ocean before entering the St. Johns River. All the 
members of the family Cytheridae are almost entirely devoid of 
natatory powers and are, as a consequence, strictly bottom dwellers, 
Cypria, on the other hand, is a very agile swimmer although many 
of the species keep close to the bottom. 

The slides of the dissected ostracods have been deposited in the 
U. S. National Museum as type specimens. 

Suborder PODOCOPA Sars 
Family CYTHERIDAE Baird 
Subfamily Cytherinae Sars 

This subfamily was proposed by Sars (1928) to include the more typical 
Cytheridae; those closely allied to the genus Cyikere, The shell is of very 
firm consistency and csJcareous with a more or less sculptured surface, which 
may or may not bear projections or spines. Both of the antennae arc strongly 
developed; the anterior antennae have 3 or 4 joints and possess 2 or 3 claw- 
like spines with several thinner bristles in l>etween. The legs arc normally 
developed in all the previously described genera and arc of the same apiiear- 
ance in both sexes. The new genua described here departs from the usual 
conditions found in the characteristic's of the thoracic legs of the subfamily 
Cytherinae, but as it seems to conform in all other major respects most 
closely to this group, it appeared best to include it here. 

Onychocythere, n gen. 

Generic characters ,—Shell of rather firm consistency but without sculptur¬ 
ing or projections. Surface of valves with a few very coarse scattered spines 
A comparatively clear marginBl zone at the anterior end bears numerous 
coarse spines The posterior border is much narrower and has fewer and 
somewhat finer bristles. Seen from the dorsal side, the shell is rather tumid, 
the anterior extremities narrowing down from a point about two-thirds of 
the distance from the posterior margin. Eye, conspicuous and single. Rrst 
antennae of normal appearance except for a very long and robust bristle, 
which arises from the posterior border of the second segment and which is 
coarsely hair^ throughout its distal half. Second antennae of normal ap¬ 
pearance with a long tapering flagellum. Maxillae with masticatory lob^ 
produced, the palp with three stout unarmed claws and a somewhat lonj^r 
and more slender spine. Thoracic legs unequally developed and possessing 
several remarkable and apparently unique features which are sufficient to 
readily identify this genus. First leg, short and of normal appearance. Sec¬ 
ond leg, much the longest, with a thick terminal claw, which bears a peculiar 
aberrant bristle about one-third the length froin the distal end on the pos¬ 
terior border. Third leg, short and heavily built with a recurved, slender 
terminal claw and a second short, heavy claw at its base. No differentiation 
of the legs in the two sexes. 
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Flga. 1-11.— Oi^hocyihere aloM, new genus and speolei. 1, Lateral view of left 
valve of male. 2, Dorsal view (ahghtly tilted) of male 3, Second antenna of female. 
4, Muscle marks and detail of shell markings, female. 5, Spines of palp of mastioato^ 
lobe of maulla of female 6, Mandible of female. 7, First antenna of female. ^ 
Copulatory apparatus of male. 9, Third thoracic leg of female. 10, Second thoracic 
leg of female. 11, First thoracic leg of female. 
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Onychocythere alosa, n. np. Figs. 1-11 

Specific charactera, — Female: Shell of oval shape, seen laterally, with 
brolly rounded ends, the anterior somewhat more broadly rounded than 
the posterior. Greatest height anterior to the middle. Ventral margin con¬ 
vex. Hyaline border widest anteriorly. Surface of valves without sculptunng 
but marked with a very delicate pattern of polygonal areas bordered by 
darker marine. The anterior margin {pvcs rise to a number of very coarse 
bristles, which are also sparsely scattered over the surface of the valves. 
Posterior border with smaller and fewer bristles Seen dorsally, oval in out¬ 
line; greatest width in the center. Anterior ends attenuated; posterior 
broadly rounded. Eye spot, single and conspicuous. Valves nearly equal, 
the right being slightly longer than the left. First antenna of normal shape 
for this group except for a very long and heavy spine originating from the 
posterior border of the second segment (Fig. 7, a) Terminal half of spine 
coarsely haired. Second antenna with a long taponng flagellum. Palp of 
masticatory lobe of maxilla with three stout unarmed claws and a heavy 
spine. Legs much differentiated, the first being the shortest and least de¬ 
veloped. The second leg is the longest and terminates in a heavy, slightly 
curved claw, which bears near its tip and aberrant bristle (Fig. 10, c). At 
the base of the terminal claw is a row of six short bristles. The third log is 
by far the most highly developed of the three and, while shorter than the 
second, is very stout and bears a strongly recurved tapering terminal claw. 
At the base of the terminal claw is a second heavy, short claw (Fig. 9, b). 
The bristle on the posterior margin of the second segment is very heavy and 
is densely haired on its distal h^f. 

Male: Shell of similar size and shape to that of the female Bristles much 
coarser. Internal structure almost identical with that of the female, including 
the structure of the three thoracic legs, which show the same features found 
in the other sex Copulatory apparatus very large, with the basal portion 
rounded tnangular m shap>e. ^low, it sends off a slight, short, nearly 
straight projection, which is slightly hooked at its extremity. Inside it is 
provided with a veiy much curled, thick cord. Terminal portion with a 
slightly blunt posterior end and a much elongated anterior projection which 
curves ventrally near the extremity. 

Color of shell undetermined 

Length of adult female, 0 91 mm Length of adult male, 0.99 mm; height, 
0.54 mm; width, 0.61 mm. 

Occurrence .—Taken from the stomach of a shad caught in the St. Johns 
River at Weloka, Fla., on April 1, 1938, Female holotype, U. 8. N. M. no. 
77805. Male paratype, U, 8. N. M no. 77806. 

Remarks .—This genus seems most closely allied to the genus Cythere, in 
its modern restricted sense, and agrees with it in the general conformation 
of the shell and in most of the internal parts. The remarkable differentiation 
of the thoracic legs, particularly that of the third leg, which seems to be 
unique in the literature, makes it seem necessary to establish a separate 
genus. 

LITERATURE CITED 
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ENTOMOLOGY.— A new genua of Trypetidae near Anastrepha 
(Diptera).^ Alan Stone, U. S. Bureau of Entomology and 
Plant Quarantine. 

A study of species heretofore placed in the genus Anaatrepka has 
revealed a number that differ rather widely in structure from the 
genotype. Certain of these belong to the subgenus Paeudodacua Hen- 
del, which I believe to be worthy of generic status and which I shall 
treat in a later paper. The others I place in the genus described in this 
paper. Eight previously described species and three new ones are 
included. 

Certain terms in this paper may require explanation. The wing 
pattern is considered to consist of three bands, which become some¬ 
what coalescent in certain species, broken or incomplete in others. 
The coatal band extends along the anterior margin from the base of 
the wing to the apex of vein Ri; the S-band and the V-band are as 
designated by previous writers. The ovipoaitor is a sclerotized, sub- 
cylindrical tube with an acute apex, lying in a cylindrical, tapering, 
ovipoaitor aheath, the seventh abdominal segment. The eighth abdomi¬ 
nal segment is membranous, is invaginated into the end of the ovi¬ 
positor sheath, and bears denticles dorsally which form the raaper. 
Since the abdomen is often bent in mounted specimens, the total 
length of the body is difficult to determine. For this reason I have 
used instead, to indicate the size of the species, the length of the meso- 
notum from its anterior margin to the apex of the scutellum. 

The writer is particularly indebted to A. C. Baker, of the Division 
of Fruitfly Investigations, Bureau of Entomology and Plant Quaran¬ 
tine, who first proposed the segregation of this genus, for specimens 
of the two new Mexican species; to James Zetek of the same Division 
for the new species from Panama; to Jcdin Smart, of the British 
Museum, for valuable information on the tyjie of Trypeta aciduaa 
Walker; and to A. da Costa Lima, of the Instituto Oswaldo Cruz, 
Rio de Janeiro, for information on a number of his species. 

Lucumaphilat n. gen. 

Agreeing in structure and chaetotaxy with Anaatrepka (type. Hocus ser- 
pentinua Wiedemann) except for the following: Ovipositor sheath more 
slender; denticles of rasper usually all minute, long books absent, or, if the 
denticles are longer (0.1 mm), straight with blunt apices, not hook-shaped; 
ovipoaitor extremely slender, suboylindrioal, the shaft about 0.05 mm or lees 
in diameter; claspers of male rounded apically, the teeth subapical; aedeagus 
very slender, 1-2 mm long, reaching well beyond apex of claspers but con- 
fflderably shorter than ovipositor; tip of aedeagus simple, membranous. 

* Received Maroh 29, 1939. 
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Oenotype.—Lucumaphila aagtUa^f n. sp. 

DistrilnUton, —Neotropical Region from the Rio Grande Valley, Tex., to 
Braril The host fruits of only two species are known, both belonging to the 
genus Lucuma of the family Sapotaceae. 

The species are me^um msea to rather large and predominantly yellow- 
brown in color. The wing pattern is essentially similar to that found in many 
species of Awuirepha and not reduced or modified as in Paeudodacus, The 
micFOchaetae usually present on the dorsal surface of the posterior portion of 
the alula in Ancuirepna are absent in Lucuynaphtla All but one species of 
Lucumaphila {hamadryas) has, in the female, a distinct, small, dark nodule 
dorsally on the eighth segment just distad of the end of the ovipositor sheath. 
Certain species ^Anaairepha have the ovipositor nearly as slender as in the 
genus Lucumaphila, but in these species it is never both extremely slender 
and very long and the rasper is always well developed In Lucumaphila 
hamadryaa, new species, the denticles of the rasper are unusuaUy large for 
the genus, but they are straight and blunt, not curved and tapering as in 
AnaaiTepha, and they differ only in sise from the minute denticles of the 
other species of Lucumaphila. The modified wing pattern and large hooks of 
the rasper distinguish the females of Paeudodc^ua. The male terminalia in 
Lucumaphila are much as in Paeudodacua, but the aedeagus of Paeudodacua 
is always very much redu^d, scarcely exceeding the claspers. In those 
species of Anc^trepha in which the teeth of the male clasper are subapical, 
the aedeagus is always much stouter and longer than in Lucumaphila. 

Within the genus Lucumaphila the male tcmunalia exhibit very few dif¬ 
ferences, at least in those species known to the writer. The aedeagus is 1 
to 2 mm long, the exact measurement being very difficult to make. The dis¬ 
tal portion is sUghtl])^ enlarged, with the apex attenuate and without the 
sclerotiscd modifications present in Anaatrepha. The claspers are ver^ simi¬ 
lar in most of the species, but in the three species the maJes of which are 
known to me a sclerotised structure at the junction of the claspers, at the 
point where the anal segment joins the clasper segment ventrally, shows 
some differences. This structure is figured, but its value can not ct^tainly 
be determined until more specimens can be studied. 

The oviperator tip is sagittate in several species, but the character is 
frequently difficult to see because tbe extracted, mounted ovipositor tends 
to he on its side or will turn on its side even after mounting. Also, the ovi¬ 
positor is so slender and delicate that extracting it without breaking off the 
tip is difficult. 

KEY TO SPECIES 

1. Costal and S-bands of wing widely separated 2 

Costal and S-bands of wing touching to broadly confluent 3 

2. Ovipositor shaft about 0,025 mm wide, the tip very slender; two brown¬ 

ish spots on posterior margin of mesoscutum; V-band broken anteri¬ 
orly. . . 1. luederwaldti (Costa Lima) 

Ovipositor shaft about 0.05 mm wide, the tip broader, with fine serra¬ 
tions; no dark spot on posterior margin of mesoscutum; V-band com¬ 
plete ... 2. hambletoni (Costa Lima) 

3. Bands on apical half of wing broadly confluent and somewhat diffuse; 

cell R completely infuacated... .3. obaeura (Aldrich) 

V-band distinct; cell B partiidly hyaline.4 
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4. Mcsoscutum with two or three distinct black spots on posterior margin.. 

4. denUUa, n. sp. 

Mesoscutum not spotted with black, although a dark brown band or 
diffuse brownish spots may be present posteriorly. 5 

5. Costal and S-bands very broadly coalescent along vein i 24 +i; the hyaline 

area in cell R greatly reduced; cell M infuscated; V-band narrowly 
joined to S-band at vein M 5 unchi (Greene) 

Costal and S-bands joined more narrowly along vein R^] the hyaline 
area in ceil R larger, cell M hyalme, V-band separated from S-band at 
vein M 0 

6. V-band separated from S-band; denticles of rasper of female rather largo, 

about 0.1 mm long 6 hamadrycLs, n. sp. 

At least proximal arm of V-band joined to S-band; denticles of rasper of 
female much smaller. 7 

7. Distal arm of V-band slightly narrower at wing margin than it is near 

anterior end; hind margin of S-band subparallel to proximal margin 
of inner arm of V-band from vein 724^^ to fold in cell first Mt 

7. sagitiata, n. sp. 

Distal arm of V-band of uniform width, narrowed anteriorly, or greatly 
reduced, in any case usually disconnected from proximal arm; S-band 
and proximal arm of V-band divergent from near their juncture 8 

8. Ovipositor sheath 8 mm long; maerochaetae of dorsum of thorax black; 

vein ATi+i but little turned forward at wing margin 

8 longicauda (Costa lima) 
Ovipositor sheath less than 7 mm long, maerochaetae of dorsum of 
thorax orange-brown; vein M\+% with the normal forward curve 9 

9. Ovipositor sheath more than 5.5 mm long 9. hamoia (lioew) 

Ovipositor sheath about 4 mm long 10. zemyi (Costa Lima) 

Lucumaphila acidusa (Walker) would run to couplet 9 in this key, but 
since the ovipositor sheath and ovipositor arc incomplete it can not be keyed 
further. 


1. Lucumaphila luederwaldtl (Costa Lima), n. comb. 

Anaairepha IttedenjDaUUt Costa lima, Mem. Inst. Oswaldo Cruz 28: 610, 
figs. 15-16, pi. 60, fig. 18, pi. 76, fig. 67, 1934. 

Medium sized, yellow-brown. A pair of castaneous spots on aoical margin 
of mesoscutum; metanotum entirely yellow-brown. Maerochaetae pale 
yellow. Stemoplcural bristle well developed. Wing 7 75 mm long, the costal, 
and V-bands all separated and the V-band broken anteriorly, neither arm 
crossing vein vein only slightly turned forward at apex. Female; 
Body, exclusive of ovipositor sheath, 6.5 mm. Ovipositor sheath 3 mm long, 
tapering. Ovipositor about 0,025 mm wide, the tip tapering and with no 
serrations. Male: Tip of olasper obtuse, turned slightly caudad, the teeth 
Bubapical. 

Cotypes .—^Two females, two males (Museu Paulista, Sfio Paulo). 

Type localUies .—Sfio Paulo, Ypiranga, and Alto da ^rra, Bra&l. 
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DxtirxhuUon ,—Known only from the foregoing localities, all in southern 
Branl. 

RemarkB .—I have not seen this species, the above description being based 
upon the original one. The slender ovipositor and character of the rasper 
make its assignment to this genus rather certain. 

2. LucumaphiU hambletoni (Costa Lima), n. comb. 

Anoa^repAa hambfetont Costa Lima, Mem. Inst. Oswaldo CruE 28: 519, 
fig. 19, pi. 67, fig. 21,1934. 

Medium sized, yellow-brow^n, the mososcutum with pale-yellow stripes. 
Total length, exclusive of ovipositor sheath, 7 mm Macrochaetae cas- 
taneous. Stornopleural bristle present. Wing 7 mm long, the costal, S-, and 
V-bands all separated; V-band complete; vein R^+i slightly undulant. 
Female: Ovipositor sheath 6 mm long, slender, tapering Ovipositor long, 
slender, the shaft about 0 05 mm wide, tip narrowed rather abruptly, with 
a few fine serrations. 

Holoiype —Female (Institute Oswaldo Cruz, Rio do Janeiro), 

Type localiiy, —Vigosa, State of Minas Geraes, Brazil. 

D^inbviiQn .—Known only from the single specimen 

Remarks .—I have not seen this species, the above deecnption being based 
on the original one. The dimensions of the body and wing were not given 
in the original description but have been furnished me by Dr. Costa Uma. 

3. Lucumaphila obacura (Aldnch), n. comb. 

AruurfrepAaobacura Aldrich, Proc U. S Nat. Mur 66 (18): 5,1925—Greene, 
Proc Ent, Soc Washington 36: 167, pi. 21, fig 2, 1934.—Costa Lima, 
Mem Inst Oswaldo Cruz 28:500,1934. 

Large, orange-brown Mesonotum 4 6 mm long, orange-brown, the 
mesoscutum with indistinct paler stripes; no black on metanotum. Macro- 
chactac orange-brown; pile yellow. Sternopleural bristle veiy weak. Wing 
(Fig. 10) 10.5 mm long, orange-browm, except for a hyaline triangle on costa 
beyond stigma and pale spots on posterior margin of wing in cells second 
Cui, and anal, the spot in Cui extending forward faintly to vein 
in one specimen a fenestrate spot in cell Ri+j beyond costal hyaline spot. 
Fenude: Ovipositor sheath 6.5 mm long, the basal half somewhat swollen, 
tapering to the slender apical half; spiracles about 1 1 mm from base. Ovi¬ 
positor 5.5 mm long, very slender, the shaft about 0.035 mm wide, slightly 
swollen before apex; tip as in figure 1. Male: Tip of clasper acute in lateral 
view. Cephalic view as in figure 7. 

Holotype —Female (U. S. National Museum). 

Type locality, —Maraval, Trinidad. 

Disinbuiton .—Trinidad and Brazil. 

Host plant.—Lticuma multifiora. 

Remarks ,—In addition to the oridnal specimens there is a male from 
Trinidad, March 5,1919 (F. W. Urich), in the U. S. National Museum and 
a female from Brazil (H. W. Bates) in the British Museum. The species is 
easily recognized by its wing pattern. 

4. Lucumaphila dentata, n. sp. 

Medium sized, yellow-brown, with black spots on mesoscutum. Mesono- 
turn 3.58 mm long, pale yellow, the mesoscutum with four orange-brown 
stripes, the outer pair extending from behind humeri to lateral angles of 
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scutellum, narrower posteriorly and ooalescent with inner pair anteriorly; 
two inner stripes extending about three-fourths of distance from anterior 
margin to scutellum and separated by a median line which narrows ante¬ 
riorly, leaving a transverse, pale-yellow area anterior to scutellum with a 
median projection to anterior margin of mesonotum and narrow lateral 
projections, fading out anteriorly; at posterior end of each lateral orai^e- 
brown stripe a black spot, concave on inner and anterolateral margins, 



Fir 1 —Ovipowtor tip of Lueumaphtla obacura ^Aldnch). Fig. 2 —Ovipositor tip 
of L, aerUatat n sp. Fig. 3.—Ovipositor tip of L w%ch% (Greene). Fig 4 —Ovipositor 
tip of L kamadryaa, n. sp Fig 6 —Ovipositor tip of L aagittata, n. sp Fig. 6.— 
Ovipositor tip of h hamala (lA>ew) Fig 7 —Right male ofasper of L chacura (Al¬ 
drich) Fig 8 —Right male clasper of L. aagtUala, n. sp. Fig. 9.—Right male dasper 
of L hamata (Loew). 

convex on posterolateral margin; holotype and female parat 3 rpe only faintly 
brownish on scutoscutellar suture m^ianly; male paratyi^ with a pro¬ 
nounced brownish-black spot; pleura predominantly pale yellow; metano- 
tum uniformly yellow-brown. Macrochactae yellow-brown; pile yellow. 
Stemopleural bristle present, slender. Wing (Fig. 11) 8 mm long, tlie bands 

« ellow-brown; costal and S-bands united a short distance on vein ^ 4 +*; 
'-band complete, joined to S-band ulteriorly. Female: Ovipositor shea^ 
2.6 mm long, evenly tapering apically; spiracles 0.67 mm from base. Ovi- 
poffltor very slender, the shaft about 0.0176 mm wide; length unknown, as 
it is complete in neither female; tip as in Ylg, 2 . Male: Tenninalia acci¬ 
dentally lost. 
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Holotype. —Female. Paratypea, one male, one female (U. 8 . N. M. no. 
51649), 

Type locality. —Tequila, Jalisco, Mexico. 

Dikribuiion, —Jalisco, Mexico; Texas. 

Remarke .—The holotype and male paratype formed part of the material 
obtained as a result of a trip by A. C. Baker and Alfons Dampf to Tequila 
in the latter part of July 1934. The name dentata is the manuscript name 
under which Dr. Baker n^red the species in an unpublished report, chosen 
in reference to the toothlike black spots on the mcsoscutum. The female 
parat 3 rpc was collected at San Juan, Tex, February 20, 1935, by Burl 
Stugard. The ovipositor sheath of this specimen is the one descril^, as the 
sheath of the holotype was not preserved by Dr. Baker. 

6 . Lucumaphila urichi (Greene), n comb. 

Anadrepha uncht Greene, Proc. Ent. Soc. Washington 36:159, pi. 22 , fig. 1 , 
1934. 

Rather large, yellow-brown. Mesonotum 4.39 mm long. Entire thorax 
uniformly yellow-brown. Macrochactao orange-brown; pile pale yellowish 
brown. Stemoplcural bristle very weak. Wing (Fig, 12) 9.25 mm long, the 
venation normal; wing bands orange-brown, the hyaline area between apical 
portion of S-band and distal arm of V-band distinctly constneted at vein 
£ 4 ^ 1 ; V-band broad, broadly connected with S-band anteriorly and narrowly 
so on vein Af; costal and S-bands broadly coalescent; cell M mfuscated. 
Female: Ovipositor sheath 4 87 mm long, the apical third distinctly nar¬ 
rower than the posteriorly tapering basal two-thirds; spiracles 1.33 mm 
from base. Ovipositor 4.25 mm long, extremely slender, the shaft about 
0 029 mm wide; tip slightly widen^, with the apex rounded and indis¬ 
tinctly serrate (Fig. 3). 

Holotype .—Female (U. 8 National Museum). 

Type l^aliiy. —Trimdad. 

DidnhulxQn ,—Known only from the single specimen 
6 . Lucumaphila bamadryaa, n. sp. 

Largje, yellow-brown. Mesonotum 4.9 mm long. Mesoscutum pale yel¬ 
low, mih four rather indistinct orange stnpes, the median pair not reach¬ 
ing to acrostichal bristles posteriorly; a darker orange-brown, transverse 
band in front of scutellura; scutcllum and pleura nalo yellow; metanotum 
orange-yellow. Macrochaetae black; pile pale yellow-orange. No sterno- 
pleural bristle. Wing (Fig. 15) 11.5 mm long, the pattern mostly brown, 
the costal and S-bands joined for a short distance on vein 724 + 6 ; V-band 
rather heavy, narrowed but not broken at apex, narrowly separated from 
S-band. Female: Ovipositor sheath 6.5 mm long, slender, tapering, the 
spiracles about 1.34 mm from base. Ovipositor 5.53 mm long, the shaft 
about 0.036 mm wide, the base abruptly widened, the tip long, slender, 
with minute serrations apically (Fig. 4). 

Heib^pe .—Female (U, 8 . N, M. no. 51650) 

Type locality .—La Campana, Panama. 

DidribiUion .—Known only from the typo specimen.^ 

Rmarks .—The type was collected in a glass trap in Mufioz Grove, La 
Campana, January 7, 1939, by James Zetek, who wrote, ''The single large 
female is the largest Anastrepha yet collected by us....” As indicated 
previously, this species shows certain features of the eighth segment and 
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Fig 10—WiDRof Lucumaphtla obscura (Aldrich) Fig 11 —Wing of L. deniata, 
D Bp. Fig 12 —Wing of L. unchi (QreeDe). Fig. 13.—Wing of L. MmeUa (Loew). 
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rasper rather different from other species of the genus, but the shape of the 
rasper denticles and the character of the ovipositor placcitinLi/cumapAtla. 

7. Lucumaphila saglttata, n. ap. 

Rather large, predominantly yellow-brown. Mesonotum 4.6 mm long, 
MesoHOutum orange-yellow, with humerus, a sublateral stripe from trans¬ 
verse suture to scutellum, and an area in front of acrostichal bristles having 
a narrow median extension anteriorly, pale yellow; a brown transverse 
band on scutoscutellar suture, most of it anterior to suture; pleura pale 
yeUow; metanotum orange-yellow. Macrochactae orange-brown; pile pale 
yellow. No stemopleural bnstle. Wing (Fig 14) 9 9 mm long, the pattern 
orange-brown, the costal and S-bands rather narrowly connected; v-band 
rather narrowly connected to S-band; distal arm of V-band widest just 
behind connection with the proximal arm, narrowing to the ]>ostenor mar¬ 
gin. Female: Ovipositor sheath 4 5-5 2 mm long, slender, tai>ering, slightly 
curved upward, the spiracles about 1.11 mm from base Ovipositor 3 9^ 5 
mm long, the shaft about 0.028 mm wide; tip scarcely wider than shaft, 
sagittate (Fig. 5) Mole: Clasper stout, the apex blunt in lateral view; 
cephalic view as in Fig. 8 

Holoiype, —Female. Paratypes, 15 females, 5 males (U 8 N. M. no. 
61651). 

Type locality, —Cuernavaca, Mexico. 

Dxsinbuixon —Texas to Panama. 

Hoei plant ,—According to Dr. Baker this species has been reared from 
the seeds of Lucuma in Mexico, but I have seen no reared specimens. 

Remarks —The holotype was trapped at Cuernavaca in September 1933 
by M, McPhail; 15 paratypes were trapped at the same locality in Septem¬ 
ber 1933 and November 1934; 4 paratypes w'cre trapped at Mission, Tex , 
January 6, 1938, by D. O. Sikes; one paratype was trapped at Balboa, 
Canfd Zone, in September 1938 by James Zetek The name of this species, 
suggested by the strongly sagittate tip of the ovipositor, is the manuscript 
name under which Dr. Baker figured and desenbed the specit^s in an un¬ 
published report. 

8. Lucumaphila longicauda (Costa Luna), n. comb 

Anastrepha longtcauda Costa Lima, Mem Inst. Oswaldo Cruz 28: 625, 
fig, 23, pi. 48, fig. 25, pi 74, fig 53, 1934, O Campo 8; 38, 1937. 

Large, yellow-brown. Mesoscutum yellow-brown with no pale stripes; 
metanotum with two brownish, transverse streaks on each side. Macro- 
chaetae black. No stemopleural bristle. Wing 10 5 mm long, the costal and 
S-bands narrowly touching on vein proximal arm of V-band rather 
broadly joined to S-band anteriorly, distal arm slender, separated from 
proximal arm anteriorly; vein Afi+i but little turned forward at apex. 
Female: Body, exclusive of ovipositor sheath 9.5 mm long. Ovipositor sheath 
8 mm long, slender. Ovipositor about 6.9 mm long, very slender, the shaft 
about 0.04 mm in diameter; the tip is figured by Costa Lima as being no 
wider than the shaft, without teeth or processes, but it is probable that the 
view is a lateral one. 

Holotype .—Female (Instituto Oswaldo Cruz). 

Type l^aliiy. —S. Gabriel, Rio Negro, Amazonas, Brazil. 

Disirt^ion —Known only from the type specimen. 

Remarks .—The above description is based upon the original description, 
since I have not seen the species. 
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9. LucunuphiU zernyl (Costa Lima), n. comb. 

Dacui paraUeluB Wiedemann (part), Aussereuropaisohe sweiflugelige In- 
Hecten2:516,1830. 

Atuuirepha zernyt Costa Lima, Mem. Inst. Oswaldo Cnii 28: 426, pi. 62 
fig 2-3,1934; 0 Campo 8:38,1937. 



Fig 14—Wing of Lueumaphtla tdflitLifa, n. ID. Fig. 15—Wing of L.hamadrvM 
n sp. Fig 16,—Wing of L. aadiua (Walker) (photo by John Smart). 

Rather large, yellow-brown. Mesonotum 3.9 mm. long. Thorax yellow- 
brown, a sm^l brownish spot on mesoscutum just anterior to comer of 
scutellum. Macrochaetae orange-brown; pile yellowish brown. Stemopleural 
bristle slender. Wing 8.5 mm long, the bands yellow-brown; costal and 
S-bands narrowly touching; proximm arm of V-band rather broadly joined 
to S-band anteriorly. Female: Ovipositor sheath 4 mm long, slender, the 
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spiracles 0.97 mm from base. Tip of ovipositor lost in the specimen before 
me. 

Holoiype .—Female (Naturhistorisches Museum, Vienna), cotype of 
Dacus paraUelus Wiedemann. 

Type locality. —Brazil. 

Distribution, —Brazil. 

Remarks .—Besides the type, this species is known only from a pair in 
the American Museum of Natural History, collected at Chapada, Brazil, 
which I believe belong to this species The foregoing description is based 
upon these latter specimens. The species agrees veiy closely with hatnaia 
save for the distinctly shorter ovipositor. The male has lost most of its 
abdomen. 

10 Lucumaphila hamata (Loew), n. comb. 

Trypeta hamata Loew, Smithsonian Misc. Coll. No. 256: 229, pi 11, fig 22, 
1873. 

Anastrepha hatnaia (Loew), Bezzi, Boll Lab. Zool Gen. Agr. Fortici 3:284, 
1909. —Hendel, Abh. Ber. Zool. Anthr.-Ethn. Mus. Dresden 14(3): 
14, 1914 —Greene, Proc Ent Soc. Washington 36: 157, pi. 2, fig 3, 
1034.—Costa Lima, Mem Inst. Oswaldo Cruz 28: 524; () Campo 8: 
38,1937. 

Large, yellow-brown. Mesonotum 4 5—4 8 mm long. Thorax yellow-brown, 
slightly darker just anterior to scutoscutellar suture; metanotum not or 
little darkened laterally Macrochaetae orange-brown, pile yellowish 
brown. Stemopleural bristle very weak or absent. Wing (Fig. 13) 9.8-11.2 
mm long; costal and S-bands joined for a short distance along vein i^; 
proximel arm of V-band rather narrowly joined anteriorly to S-band; distal 
arm more or less reduced, often confined to a small streak near hind margin, 
but occasionally narrowly connected to proximal arm. Female. Ovipositor 
sheath 0-7 25 mm long, slender, the spiracles 1 22 to 1.44 mm from base 
Ovipositor 5 2-6 mm long, very slender, the shaft about 0.026 mm in 
diameter, the tip slightly expanded, serrate as in Fig. 6 Male: Claspers 
stout, the apex blunt in lateral view, cephalic view as in Fig. 9. 

C<^ypes .—Male and female (location unknown). 

Type localtiy —Brazil. 

Distnbuiion .—Brazil and Panama. 

Remarks .—The above description is based upon six specimens in the 
United States National Museum which appear to belong to this species. 
The data for these specimens arc as follows: Brazil (Compere); Amazon 
River, Arary to Manaos, Brazil, September 20-21, 30 (Holt, Blake, and 
Agostini); Barro Colorado Island, Canal Zone, September 17, 1937 (Zetek); 
La Campana, Panama, November 1937 (Zetek); Balboa, Canal Zone, June 
1938 (Zetek). 


11. Lucumaphila addusa (Walker), n. comb. 

Trypeta addusa Walker, List of the specimens of dipterous insects in the 
collection of the British Museum 4: 1014, 1849. 

Anastrepha addusa (Walker), Aldrich, Smithsonian Misc. Coll. No. 1444: 
602, 1905 (part).—Costa Lima, Mem Inst. Oswaldo Cruz 28 : 630 and 
604,1934. 

I have not positively recognized this species. The type has lost a portion 
of the ovipositor sheath and ovipositor so that the length of these and the 
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character of the rasper are unknown. Dr. Smart has mounted the rem¬ 
nants of the ovipositor sheath and ovipositor and sent photographs to me. 
The shaft of the ovipositor is about 0.021 mm wide and this extreme slender¬ 
ness combined with the general appearance makes assigiunent to this 
genus quite certain. The species would run to hamaia in the key and seems 
to agree in every particular save that the V-band is complete, a condition 
unusual in hamaia. Dr. Smart also photographed the wing of the type 
(Fig 16) The pattern of the missing portion is indicated by stippling as it 
appears on the opposite wing 

Holoiype .—Female (British Museum). 

Type locality. —Jamaica. 

Remarks —It is to be hoped that the species can again be collected in 
Jamaica so that it can be more fully described. The name Anaslrmha 
acidusa has been used a number of times for the species that Sein described 
as A monibtnpraeoptans, and the Florida recoid mentioned by Aldrich 
is probably this latter species. A mombinpraeoptans has an unusually short 
ovipositor and in a number of other respects is quite different from the 
species described by Walker. 

PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

GEOLOGICAL SOCIETY 
566th mbetino 

The 566th meeting was held at the Cosmos Club, November 9, 1938, 
President H. D Mi8F.r presiding. 

Program: E. B. Eckel: Abutment problems at Zunt dam, New Mexico .— 
The Zuni dam is an outstanding example of the fact that no dam can be 
better than its natural foundations. It is built in a narrow gor^c that has 
been cut through a 30*foot hasalt flow and into underlying alluvium. A bed 
of loose sand lies between the base of the flow and a layer of tough clay 
The abutments have caused trouble ever since the reservoir was first filled. 
The most serious difficulties occurred in 1609 and 1936^ when large leaks 
broke out on the south abutment. Both resulted in cracking and settlement 
of the lava cap and loss of reservoir water. A cut-off wall, built after the 
first break, was effective for 27 years. The leaks were caused when water 
entered openings in the basalt and reached the sand layer. This layer acted 
like a broad, flat pipe and led the water to an outlet below the dam. The 
sand was flushed out, allowing the spillway and abutment to settle. After 
the 1936 break, a combination dike and blanket was laid along the south 
abutment in oraer to prevent entrance of water into the basalt. The new 
structure has been tested only for a short time but will apparently be 
effective. Several geologic problems involved in the repair work were dis¬ 
cussed by the speaker. 

C. P. Ross: Some comments on the geology of quidtsHeer —Quicksilver de- 
pwits arc widely distributed but so irregular and individually small that 
it is difficult to prospect for them or to block out ore in advance. Even more 
than other metals, they are deposited far from their onpnal sources and in 
areas relatively free from commercial deposits of other metals. Most of the 
produetion has come from a small percentage of the known lodes. The de- 
posits'^we localised where strutitural conditions furnish comparatively 
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abundant openings in the rocks and where decrease in temperature and pres¬ 
sure and, at least in some places, mingling with acid groundwater, promote 
precipitation. In some places, concentration mto deposits of commercial 
grade is assisted by structural traps. 

J. S. Williaub: Lowr Permian of the type area, U.S S.R —Members of 
the Permian excursion of the Seventeenth International Geological Con¬ 
gress in the U S.S.R., visited the typical region of the Permian system of 
Murchison and of the Artinskian, Kungunan, Ufimiaii, Kasaman, and 
Tartarian subdivisions. Murchison’s original Permian included beds down 
to the base of Kungunan. Ho placed the Artinskian or Artinsk grits in the 
top of the Upper Carboniferous. Karpinsky described cephalopock from 
these grits from several localities, some of which (especially those from the 
Orenburg region about 350 miles south of Artinsk) he recognized were from 
beds that were of Artinskian facies but older than the beds at Artinsk. 
Later work has shown that in places beds of Artinskian facies go as far down 
as to the Lower Carboniferous. Tschernyshew, in 1904, published his work 
on the Upper Carboniferous brachiopods of the Urals and Timan. In this 
influential work he placed the top of the Upper Carboniferous immediately 
above his **Schwagenna” zone. Both Karpinsky and Tschernyshew con¬ 
sidered the Artinskian as Permo-Carbomferous, as also did the Central 
Geological Committee 

The Permian is currently divided into a twofold division by geologists 
of the U.8.S.H. The Lower Permian in the type region now consists of an 
upper, Kungurian, subdivision and a lower, Artinskian, subdivision. The 
Upper Carboniferous has been generally known as the Uralian Geologists 
differ regarding the horizon at which the boundary between the Uralian 
and the Artinskian should be placed and some would place a new division, 
the Sakmanan, between them. In the U.S.S.R., as in the United States, 
several boundaries between the Permian and Carboniferous each have ad¬ 
herents. Three boundaries have, however, the most adherents in the U.S S.R. 
The highest of these is immediately below the zone commonly referred to 
as the Pseiidofusuhna luiugtni zone, correlated with the Phosphoria and 
Word formations of the United States by some and with the Upper Leonard 
by others. The next highest boundary is immediately below the P an- 
deresonx zone, which is itself immediately below the P lutugim zone. The 
P. anderssont zone has been correlated with part or all of the Leonard forma¬ 
tion of the United States. Below the P. anderssoni zone is the P. moellen 
zone and below that zone is the well-known so-called *^Schwagenna^’ (now 
Pseudoschwagenna) zone. These zones together probably compnse the 
Sakmarian, proposed by Rutzensev from studies in the Orenburg region. 
The lowest of the principally advocated boundaries is immediately below 
the BO-called ^^Schwagenna” zone. 

From publications the writer has read and from impressions gained in 
the U.8.S.R., he believes that the boundary below the P. luiugtni zone is 
the most widely used in the U.S.S.R., but no statistical evidence was ob¬ 
tained. Reasons advanced by various Soviet geologists for placing the Per- 
mian-Carboniferous boundary here include the following: A bryozoan 
specialist would place it here because of a discontinuity in bryozoan de¬ 
velopment; a fuBulinid specialist, because of a discontinuity in the sequence 
of fusulinids; and a coral specidist, because of the appearance of certain 
peculiar corals. Others cite changes in certain plants, the fact that a sharp 
change in lithology and an unconformity come at the base of the P. luiugtni 
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Kone near Artinsk, and the presence of stratigraphic breaks at places on 
different continents approximately at this horison. 

Soviet geologists who would place the boundary immediately above the 
P, moeUen zone cite the following among their reasons for doing so: A fusu- 
linid specialist believes the fusuhnids bdow this boundary are more closely 
related to Upper Carboniferous than to younger fusulinids. This same 
geologist states that a sharp change in geographic and sedimentary con¬ 
ditions and diastrophic processes begins here, that it is very convenient 
to place the boundary here because of the ease with which underlying beds 
can be identified, and that Murchison’s lower Artinskian boundary was 
above this zone. Another geologist would place it here because Tscherny- 
shew, who has been widely followed both in official and other reports, 
placed the Upper Carboniferous boundary above the Schwagenna zone. 
Still another would place it here because of an unconformity above the 
**Schwagenna'^ sone. 

Rutsensev and Nalivkm are the chief Soviet advocates of placing the 
boundary at the base of the so-called Schwagerina *one. They advocate this 
boundary because they believe that the ammonoids of this zone are more 
closely related to younger than to older rocks, because of a discontinuity 
in the sequence of fusuhnids; because Karpinsky described as Artinskian 
certain cephalopoda found in Schwagertna-heanng beds in the South Urals, 
which are of Artinskian facies (even though Karpinsky did recofpiize that 
these ccphalopods were older than those of the Artinsluan at Artinsk), and 
because certain coral genera which occur in undisputed Permian beds else¬ 
where occur m the sAwagenna beds. Another cephalopod specialist would 
place it here mainly because of discontinuities in the cephalopod develop¬ 
ment, and a Soviet coral specialist would also place it here. Other arguments 
were advanced chiefly by foreign geologists. 

The number of boundaries ^vocated, each of which seems most logical if 
certain selected critena are used or if the emphasis of a single criterion is 
favorably placed, suggests that an agreement on criteria to be used is the 
first stop in the solution of the problem of the lower Permian boundary. 
Few would suggest holding strictly to priority, the most easily follow^ 
criterion. Jjacking such an agreement also on other criteria, as at present, 
preponderance of the usage followed in the type region seems to promise 
as nearly a satisfactory standard as it is po^ible to obtain. Restriction of 
the standard to the type region would localize the problem in an area that 
could be studied in detail and would put the determination of period stand¬ 
ards essentially on the basis that is generally used in interpreting disputed 
details about formations. If world-wide opinion should demand a change 
to some other sequence than that of the present type region as a standard 
because of the ab^nce of intermediate bc^ in the t^e locality, which does 
not seem to be likely, or if world opinion should demand the use of some 
boundary other than that generally used in the type region, because of 
agreement upon a more satisfactory boundary the world over or for some 
other reason, recourse could then be had to a world-wide representative vote 
or to s^Lob an organization as the International Geological Congress, which 
has considered similar problems. It seems likely, however, that if world-wide 
opinion were decidedly against the boundary commonl^ used in the type 
region, it would force a change there without the necessity of action by an 
International Geological Congress. 

As atated earlier, the original Permian of Murchison extended down to 
include the Kimgurian. In the early part of this century, the Central Geo- 
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logical Committee placed the Kungurian and Artinskian in the Permo- 
Carboniferoua, In 1917, they transferred these beds to the Permian. Tsohcr- 
nyshew’s work has been most widely followed since its publication, but the 
use of his classification is hindered because part of his section is said to have 
been misinterpreted and because some maintain that ^^Schwagenna^^ is not a 
narrow-sone fossil as once thought but ranges through a considerable sec¬ 
tion in some places and occurs in beds that are of different ages in different 
places. It is the writer's distinct impression that most Permian stratigraphers 
in the U.S.S.R. now place the boundary above the ^^Schwogerxna'^ zone as it is 
generally inteipreted, and thgt it is so placed in most official publications 
of the Central Geological and Prospectii^ Institute. 

Because there seems to be some indication that present opinion in the 
U.S.S.R. may change and because many geologists m the United States 
place the boundary below the ^^SchuHigenna^' sone, the writer continues to 
advocate, as he has since 1936, that some group name be selected for this 
zone, that this group be designated temporarily as Pennsylvanian or Per¬ 
mian, and that correlations be made mainly in terms of the group units 
with less emphasis being placed on the location of the Pcnnsylvaman- 
Permian boundary. The widespread use of such group units as reference 
points for correlations would restrict our problems mainly to areas in tlie 
United States that can be visited repeatedly and studied m detail. It would 
fully serve the needs of most geologists, because most geologists are inter¬ 
est^ mainly in local and perhaps sectional correlations These are only con¬ 
fused if the details of international problems inherent by definition in the 
setting of penod standards and the drawing of period lines are introduced 
into local controversies. 

567tu meetixq 

The 567th meeting was held at the Cosmos Club, November 23, 1938, 
President H. D. Mibeb presiding. 

Injormal (^mmunicoiiom, — Mr. J B. Mertie described the Dufay and 
Kodachrome processes of making colored transparencies and projected a 
number of Dufay color photographs that he had taken m Alaska during the 
past field season. 

Program. R. C. Cady: Erostonol history of the North Platte Valley in Ne¬ 
braska —The North Platte River in the region of Scotts Bluff County, 
western Nebraska, has cut its valley over 1,000 feet below the upper level 
on the plains. Gravel occurs on the high level of the plain north of the river, 
and as the river eroded the valley the gravel was washed down the valley 
(ddes. This gravel cover protected the terrace surfaces from erosion and 
thus aided in their preservation. The upland plain south of the river fur¬ 
nished much less gravel than tliat to the north, with the result that the 
terrace surfaces on the south side were not preserved, and the south side 
of the valley is steeper than the north side. 

Six terrace levels can be recognized, including the mravel remnants on the 
upland. The fifth level (numbei^ from lowest to highest) is a steep, convex 
slope covered with coarse gravel. It seems to represent the greatest part of 
the Pleistocene erosion. Four substages are suggested by breaks in slope on 
this surface, the lowest being a line of hillocks 300 feet or more above the 
level of the river. The fourth terrace level is a rock bench covered with 

S Eravel. The surface of the third terrace is 80 to 100 feet above the present 
evel of the river. After its formation the river and tributary streams out 
deep, narrow trenches into it. The river cut down about 300 feet, but the 
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tributary gulches were not cut so Before they could be widened very 

much they were refilled with gravel, l^e bottom of the channel that was 
cut and refilled by the nver now lies about 200 feet below the present level 
of the river. After the channels were refilled the river began to out down 
again, and to widen its inner valley by lateral corrasion. It reached grade 
at a level 40 to 50 feet below the surface of the third terrace. The tributarpr 
streams also cut down but not so deeply as the nver. Fine-grained sedi¬ 
ments were deposited in the newly eroded valleys, partially filling them. 
Thetremnants of this fill constitute the second terrace. The river and tribu¬ 
tary streams were again rejuvenated and they began to cut through this fill. 
Most of the remnants of the second terrace were removed from the valley 
of the river, but they arc still preserved in some of the tributary valleys. 
After about 20 to 30 feet of downcutting had taken place the new gulUes 
were again partially filled with fine-grained sediment. Remnants of this fill 
constitute the first terrace. Since that time the streams have cut about 15 
or 20 feet below the top of the first terrace. 

The terraces, particularly the third, second, and first, possess character¬ 
istics that render them reoognicable in other valleys in the region. 

Little is definitely known of the age of the terraces. Vertebrato fossils are 
being collected from gravels on the fifth terrace, and they arc considered 
to be early Pleistocene in age Yuma artifacts in association with extinct 
bison have been taken from sediments that constitute the second terrace. 
Hearths and pottery of not very ancient date are found in the sediments 
of the first terrace. The second and first terraces are more similar to each 
other than to any of the older terraces. Also, more erosion took place in the 
interval between the third and second terraces than took place between the 
formation of the second terrace and the first. It is believed, therefore, that 
the second terrace may be late Wisconsin or early Recent in age, 

M. M. Knechtel: Large boulders and glacial stnae near LtiUe Rocky 
MourUainSj Mont .—Extending southeastward for at least 36 miles from 
Snake Butte, a prominent feature of the plains of the Fort Belknap Indian 
Reservation north of the Little Rocky Mountains, Mont., is a train of 
glacial boulders, many of which are very large. The igneous rock composing 
the boulders is identical with that exposed on Snake Butte, and on top of 
the butte glacial striae elongated southeastward indicate that the boulders 
were transported by the glacier and not, as has been supposed, by icebergs 
floating in water ponded between the ice front and the hifi^ land at the base 
of the Bearpaw and Little Rockv Mountains. As there are reasons for 
believing that the Keewatin ice sheet advanced into' the Montana plains 
from the northeast, deflection of the ice southeastward by the Bcarpaws and 
Little Rockies is indicated. 

J. T. Pardee: Post-Tertiary faulting of intermontane basinSf mstem 
Montana .—The rerion considered is part of the physiographic province 
known as the Northern Rocky Mountains. The pnncipal mountain group 
and ranges within it attain altitudes of 10,000 feet or more and rise 4,000 
to 6,000 feet above adjacent lowlands. The mountains are maturely dis¬ 
sected by narrow, steep-rided valleys but flat or gently sloping surfaces of 
noteworthy extent remain on many of the summits. !^tween the different 
mountain groups and ranges are 40 or more wide intermontane basins that 
agaegate 10,000 square miles or about one-fourth of Uie total area. 

The intermontane basins are underlain largely by Tertiary and later 
sedintf pts that rest unconformahly on a bedrock floor eroded across strongly 
deformed older rocks that also compose the mountains. The structure of the 
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Tertiary sedimentfi suggetits downwarping in some of the basins and down- 
faulting in others. The idea of downfaulting is supported by the oocurrcnoe 
of fault scarps at one side or the other of several of the basins. Among these 
are low scarps of Recent age in the Madison, Centennial^ and Red Rock 
(Lima) Valleys that arc formed in unconsolidated alluvium and glacial 
deposits. Others are more or less worn scarps in the older rocks that form 
certain mountain fronts. Some of these mark vertical displacomonts of as 
much as 5,000 or 6,000 feet. The two severe earthquakes recorded in this 
region within the past 15 years appear to have been caused by movements 
on faults^ marked by the older scarps only belonging to a system along the 
eastern side of the mountain province. 

568th meeting 

The 568th meeting was held at the Cosmos Club, December 14, 1938, 
Presient H. D. Miber presiding. 

The prize for the best paper presented to the Society during the year was 
awarded to Mr. K J. Murata. The second pnze was awarded to Mr. R E. 
Stevens. 

Program' Presidential address by H. D Mibbk: Our petroleum nupply ,— 
The United States produces and consumes three-fifths of the world’s annual 
output of petroleum and it possesses about half of the world’s known re¬ 
serves. Our domestic petroleum production is obtained from about 360,000 
wells in 22 States, and its value is one-fourth the value of the entire annual 
mineral production of the United States. 

Petroloum and its associated hydrocarbons have been used by the peoples 
of many lands for at least severd thousand years; and the history of their 
recovery, transportation, treatment, and utilization records a fascinating 
story of the progress of human civilization. The phenomenal growth of the 
petroleum industry in the United States since 1859, when our first well was 
drilled for oil, has been greatly aided by geology. The number of geologists 
now serving the industry in the United States, in the employ of companies 
and in the employ of Governmental, State, and other institutions, appears 
to exceed 3,000. The oil geologist, in the search for petroleum, makes use of 
facts and conclusions from many phases of geology, including structure, 
stratigraphy, paleontology, sedimentary petrology, sedimentation, geo- 
morphology, and metamorphism; and, because of the vast amount of in¬ 
formation obtained from deep wells, as much as 15,004 feet in depth, and 
from the 30,000-foot depths reached by geophysical methods, he has made 
notable contributions to the general science of geology. 

46th annual meeting 

The 46th annual meeting of the Society was held immediately following 
the 568th regular meeting. The reports of the secretaries, the auditing 
committee^ and the treasurer were read and approved. 

The Society elected the following officers for the year 1939: 

President: J. B. Mertie, Jr. 

Vice Presidents: J. B. Reebids and J. T. Pardee 
Treasurer: T. B. Nolan 
Secretary; P. D. Trabk 

Members-at-Large-of-the-Counoil: A. A. Baker, R. W. Brown, T. A. 

Hendricks, E. A. Trager, J. 8. Williams. 

The Booietv also appointed Mr. Hugh D. Miser its nominee for vice- 
president of the Wasmngton Academy of Sciences. 

J. W. Oreio, Seerdary 
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The death of Willard Dell Bigelow on March 6, 1039, brought to ita 
cloHO the career of a diatinguished pioneer in food research, whose passing 
is mourned by a great host of personal friends and scientific contemporaries 
the world over. 

Dr. Bigelow was bom at Gardner. Kansas, on March 31, 1866 He was 
graduated from Amherst in 1889, suosequently serving a short term as as¬ 
sociate professor of chemistry at Oregon State College. This was followed 
by post-graduate work at Amherst, and in 1892 Dr. Bigelow accepted a posi¬ 
tion in the U. S. Bureau of Chemistry. In 1901 he was made chief of the Food 
Division of the Bureau of Chemistry, and in 1903 became assistant chief of 
the Bureau. Following enactment of the Federal Food and Drugs Act in 
1906, he was associated with Dr. Harvey W. Wiley in the enforcement of the 
Act and had the primary responsibility for the selection of personnel of the 
new branch laboratories. 

In 1013 he became associated, as chief chemist, with the newly organised 
research laboratories of the National Canners Amciation, and in 1018 he 
became the first director of the laboratories. 

He was universally recognised as one of the leading authorities on foods 
and food legislation, and tribute was paid to his ability and learning by his 
election to many offices of distinction in scientific organisations and socie¬ 
ties He was for many years a director and counselor of the American Chem¬ 
ical Society, and he served as president of the Association of Official Agricul¬ 
tural Chemists and of the Association of Dairy and Food Officials. 

Outstanding among his many services to the canning industry wore his 
contributions to the study of the tin container, the nutritive value of canned 
foods, and the fundamental methods for establishing safe processes for all 
classes of canned foods. 

Dr. Bigelow was respected by all for his wise counsel, upright character, 
and sound judgment; his kindliness and courtesy won the friendship and af¬ 
fection of those with whom he came in contacts 

In 1901 he was married to Miss Nancy M. Nesbit, who, with their two 
daughters, Miss May Thorpe Bigelow and Mrs. Jessie B, Martin, survives 
him. 
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CHEMISTRY .—Some problems in attaining adequate nutrition.' 

Paui, E. Howe, TJ. S. Bureau of Animal Industry. 

Id observing the problems that arise in the feeding of large groups 
of men in the Army and in charitable and penal institutions, and con¬ 
trasting these problems with those that are encountered in the feeding 
of farm animals, I have been impressed with the extent to which man’s 
aesthetic reactions to foods handicap his nutritional status. Much 
of the malnutrition that exists both inside and outside of institutions, 
as well as the unrest, discontent, and low morale that lead to demon¬ 
strations, riots, and other disciplinary problems, is the result of man’s 
unwillingness or inability to base the satisfaction of his appetite on 
his dietary needs and on the restriction of his purse. 

Nutritional workers have calculated the needs of both, men and 
farm animals and have determined by analyses which of the available 
food products contain the essential elements in forms suitable for use. 

In farm animals the nutritional problem is fairly simple. Scientific 
investigators have drawn definite conclusions as the result of labora¬ 
tory work with animals and feeds and have made definite recommen¬ 
dations. Feeds for animals are evaluated scientifically on the basis 
of their nutritional and economic factors. On such a basis farmers are 
able to work out feeding schedules for their livestock in a sound and 
economical manner. It would seem equally feasible and highly desira¬ 
ble to approach human nutritional problems in the same objective 
manner. 

Man, however, uses food as a means of satisfying many emotional 
heeds, which are so closely tied up with his physiological needs that 
unless they too are met he fails to get the most from his food. He en¬ 
joys and even demands variety, not only in foods themselves but in 
methods of preparing them. He wants foods that appeal to his eyes 
and his senses of taste and smell; he wants to eat in pleasant sur¬ 
roundings. Traditionally, paHaking of food with other persons has 
been of such social importance that the emotional satisfaction de¬ 
rived from eating has often overshadowed the actual physiological 

1 AddreH of the retlrini preaident of the Weehlnston Academy of Seieneeo, de¬ 
liver^ on January 19, 1089 Reoelyed July 8, 1980. 

357 



358 JOURNAL OP THE WASHINGTON ACADEUY OF SCIENCES VOL. 29, NO. 9 

needs supplied by food. These factors greatly complicate the attain¬ 
ment of an adequate diet. 

No really comprehensive treatment of nutrition is possible in the 
limited time available. Therefore, I have selected for discussion cer¬ 
tain phases of human dietary habits and some of the possibilities and 
complications that arise in the practical application of our knowledge 
of foods and nutrition. 

COMPLICATIONS IN HUMAN NUTRITION 

Man’s fundamental nutritive requirements, as determined experi¬ 
mentally, are usually expressed in terms of chemical compounds or 
complexes—proteins, fats, carbohydrates, etc. -of the foods com¬ 
monly included in his diet. Until recently these compounds making 
up the major parts of the diet were the chief consideration. The im¬ 
portance of the vitamins and certain of the mineral elements required 
in small amounts is now being recognized. Some of these compounds 
are known only by the effects produced in the organism when they 
are absent from the diet. 

The necessary quantities of the various foodstuffs vary with the size, 
age, and activity of the individual concerned and with the external 
conditions to which he is subjected. 

The requirements for the various nutrients are seldom considered 
by man when arranging his diet. Instead, he thinks in terms of food— 
meat, potatoes, milk, salads. As the science of nutrition has pro¬ 
gressed, it has been necessary to reevaluate foods as sources of the 
various nutrients and to indicate the uses of particular classes of foods 
in the diet. To make the best use of available foods in meeting the 
variety of tastes and habits in man, it is necessary to know the com¬ 
position of foods, the variations in the composition of the same food, 
and changes that occur between harvesting and consumption. Fur¬ 
thermore, variations occur in the composition of different varieties of 
the same product and also as the result of maturity, climatic condi¬ 
tions, the fertility of the soil, and other factors. 

The preservation and purification of foods add further complica¬ 
tions. Natural foods contain some of almost all the necessary nutri¬ 
tive factors, although the quantities present may be so small that the 
food can not be considered an important source of that particular fac¬ 
tor. The methods of preservation and purification used to keep foods 
from spoiling or losing quality or to make them more attractive often 
change the composition of the original food. Thus, there may be a re¬ 
duction in certain constituents on drying or cooking, or a conoentra- 



Septehbkr 15, 1930 howe: problems in nutrition 


369 


tion of nutrients such as occurs in the manufacture of white flour, re¬ 
fined sugar, and polished rice. These changes create special nutritional 
problems when products of this type form the major part of a diet. 
The use of polished rice is a good example. In polishing rice the outer 
hull and the germ, which contain vdtamin Bi, are removed, leaving 
the inner starch-rich endosperm. People who live largely on polished 
rice develop the nutritional deficiency disease known as beriberi. This 
can be corrected by feeding the rice polish itself or some other source 
of vitamin Bi. Once polished rice has been used it is very difficult to 
get pieople to accept unpolished or brown rice, in spite of its superior 
nutritive value. The use of refined products, however, is not objec¬ 
tionable in itself, but it necessitates careful .selection of other foods if 
the diet is to be adequate. 

To meet the various food habits and tastes of a cosmopolitan popu¬ 
lation it is important to popularize more than one source of each nu¬ 
tritive factor. Fluid milk, for example, is the standard source of cal¬ 
cium. The daily consumption of a quart of milk by a child or a pint by 
an adult is an assurance of an adequate calcium intake. But those who 
do not like or can not get fluid milk may substitute lianned or dried 
milk, cheese, an extra amount of leafy vegetables, or even ealcium 
salts and still meet their daily calcium requirements. 

Carotene, one of the precursors of vitamin A, is chiefly responsible 
for the yellow color of vegetables and milk. Carotene is also present 
in the green leaves of plants, although masked by the green color. Any 
of the yellow or green vegetables, especially the leafy vegetables, or 
the yellow foods derived from animals, may be selected as a probable 
source of vitamin A. 

An example of the value of substituting one food for another for 
economic reasons was shown some years ago by Dr. A. F. Hess. At 
a time when lime juice and lemon juice were the accepted sources of 
vitamin C, the antiscorbutic vitamin, Hess demonstrated the value 
of tomato and potato juice for treatment of scurvy in Negro children 
in New York. In this way he introduced antiscorbutic foods that were 
cheap and easily obtainable. 

SIMPLIFYING SELECTION BY USB OF FOOD GROUPS 

To simplify selection, foods that ore somewhat similar in composi¬ 
tion or are particularly valuable as a source of one or more nutrients 
may be grouped together. For example, meats, milk, and eggs are 
sources of protein of good quality; milk, the leafy vegetables, and dried 
legumes are sources of calcium; the green and yellow vegetables and 
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butter fat are sourcea of vitamin A and carotene; fruits and vegeta¬ 
bles, especially the acid products, are sources of ascorbic acid; and 
lean meat, milk, and the leafy vegetables are sources of nicotinic acid, 
the antipellagra vitamin. 

By using such knowledge, it is possible to express the nutritive re¬ 
quirements in terms of the quantities of the various types of foods for 
an adequate diet. A classified dietary of this kind has been used rather 
successfully as the basis of dietary control in the Federal pemd insti¬ 
tutions. An example is given in Table 1. 

Table 1 —Stanoabd Ration fob Fbdibal Penal Institutions 
(ExpraMed in pounds per man per day) 


Food groups 


Meats 

Fata 

Flour, etc ) 

Spaghetti, macaroni, rice, etc j 
Dairy products 
Eggs 

Sugar and syrup 

Beverages 

Potatoes) 

Roots / 

I^fy gr^n and yellow vegetables 
(including tomatoes 0 10lb ) 
Beans, dned, etc 
Fruits, fresh or canned 
Fruits, dried 
Miscellaneous 
Spices, etc 


Type food 


Beef 

Oleomargarine 
Flour, white 

Milk, fresh ' 

Eggs. 

Suur, granulated 
Coffee 

Potatoes 

Cabbage * 

Beans, navy 
Apples * 

Prunes 

Yeast 

Sq|t 


General 

Hospital 

messes 

messes 

76 

60 

15 

15 

ftO 

80 

1 00 

2 00 

03 

25 

25 

25 

10 

.10 

1 00 

HO 

00 

60 

10 

10 

16 

25 

08 

08 

015 

015 

10 

10 


> In reporting evaporated milk, dried milk, and cheese, they are converted to their 
equivalents of fresh milk 

* When a greater quantity of some other food than the type food in this group is 
used in a given month, it becomes the type food for purposes of estimating the cost of 
the ration 

In this ration the foods are grouped according to one or more of the 
following characteristicH: (1) Similarity of nutritive value, (2) palata- 
bility, and (3) dissatisfaction when too large quantities are used. 

The use of food groups simplifies the recommendation of diets, of¬ 
fers considerable opportunity for variety of choice, and permits an 
approximate evaluation of diets from different parts of the country 
that reflect wide variations in food habits. 

The monthly ‘‘Mess House Operations" report used by the United 
States Department of Justice for each Federal penal institution shows 
the total quantity and average daily consumption for each food group 
calculated to the pounds consumed per man per day. Other data re¬ 
lated to the cost of the various items and waste are reported. A calcu¬ 
lation is also made of the cost of such a ration based on the price paid 








September 16, 1939 howe: problems in nutrition 


361 


for the type foods, reporting each food group as indicated in the pre¬ 
ceding table. 

A report of this kind is very useful in appraising the nutritional 
value of the food consumed and the economy of the expenditure for 
food in an institution. Such an analysis, combined with an examina¬ 
tion of the menus, indicates the probable acceptability of the foods 
served, as well as the adequacy of the diet. A knowledge of the skill 
with which food is prepared and served in an institution is necessary 
for a complete understanding of the satisfaction derived from its op¬ 
erations. It is interesting to note that various institutions show in¬ 
dividual food patterns characteristic of the region in which they are 
located. Furthermore, it is often possible to detect a change in stew¬ 
ards or in administrative control by shifts in the quantities of different 
foods used. 

Reports of the kind just outlined should be as much a part of the 
records of all public institutions responsible for the care of men, 
women, or children as the financial reports. In fact, the justification 
for the expenditure of money in institutions, armies, or navies is to 
provide an adequate satisfactory diet. Without records of foods con¬ 
sumed, it is impossible to demonstrate the extent to which the expen¬ 
ditures have been properly made. 

Dr. Hazel Stiebeling, of the Bureau of Home Economics of the 
United States Department of Agriculture, has successfully employed 
food groups in setting up dietary standards for persons of different 
ages and sexes at various levels of income or satisfaction. 

USE OF THE MENU OR MEAL PLAN 

When selecting or planning meals and reviewing dietaries, it is 
possible to use certain devices to test the adequacy of the diet or its 
probable acceptability, such as (1) by the quantities of each of the 
types or classes required, which has just been discussed, and (2) by a 
series of meal plans or menus. In reviewing dietaries, both kinds of in¬ 
formation ore needed if an indication of the probable acceptance of 
the diet is desired. 

A menu may be considered as a plan by which foods are combined 
to make a satisfactory meal. By working out a series of menus a vari¬ 
ety of foods and an adequate ^et can be assured. Menus tend to fol¬ 
low patterns and are part of our food habits. Through the skillful 
planning of combinations of food, nutritive elements in which the 
diet was previously deficient may be added often without upsetting 
an accustomed routine. A large part of the success of this method of 
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changing food habits lies in maintaining interest in the meals from 
day to day. This is just as true for maintaining good dietary habits as 
for changing poor ones. 

Although the immediate concern will be with the proper nutritive 
elements in the menu, many other factors enter into the contentment 
and satisfaction people obtain from meals, particularly the methods 
of service and the surroundings in which food is eaten. Interest in 
food through the menu or meal plan is attained by (1) the use of foods 
attractive in themselves, (2) changes in methods of preparation of 
foods, and (3) combinations of the foods into attractively prepared 
dishes. In the last-mentioned case the attractive characteristics of 
some foods, such as meats, sugars, etc., may be used to add interest 
to less attractive but necessary or useful foods such as the bland cereal 
grains or vegetables 

It is not enough to provide variety among the meals of one day. 
It is necessary also to prevent the monotony that follows the frequent 
repetition of foods or combination of foods, or the repetition of the 
same foods at regular intervals. Tliis is evident from the difficulties 
that arise in feeding large groups of persons such as in college dining 
halls, army messes, and correctional institutions, particularly when 
the cooking is mediocre. Poor cooking and monotonous meals have 
been responsible for many riots. It is a matter of record that Harvard 
College was almost wrecked in its early days liecause of monotonous 
and inadequate meals. 

The meal plan offers a very useful method of selecting a meal from 
a restaurant menu or cafeteria counter. For example, in selecting a 
dinner one might soliloquize as follows: 

“Soup? A small fiortion, it’s appetizing and not too filling 

“Meat? Yes, a steak—no animal protein so far today. 

“Potatoes? Yes 

“Other vegetables? Broccoli, turnips, boots, or carrots? Make it broccoli 
and carrots, not enough vitamin A so far. 

“Salad? Lettuce or fruit’ Lettuce with Roquefort dressing—more caro¬ 
tene and more calcium 

“Dessert? Cottage pudding? No, calcium is still low, make it pumpkin 
pie, and a cup of coffee. 

"Now, let’s see, I had grapefruit this morning, tomato juice this noon, and 
bniccoli, carrots, butter, and salad tonight to provide sufficient vitamins C 
and A. The meat, bread, my peanut-butter sandwich this noon, and cheese 
provide plenty of protein The calcium may be a little low but the cheese and 
pumpkin pie have helped, and there was skim milk in the bread 

“The B factors? I have had only white bread, but there were meat, pea¬ 
nut butter, cheese, and vegetables to help out 

“There is plenty of iron, and by the time I fill up on bread and butter there 
will be enough calories.’’ 
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The chances are, however, that someone else plans the meals that 
you eat and enjoy without questioning whether all the necessary 
nutrients have been supplied. Even the housewife may use ready-pre¬ 
pared menus. What training did the person who planned the meals 
have? How well was the planning done? If a pattern was followed, was 
the pattern good? Upon the housewife, dietitian, cook, or steward 
often rests the responsibility for indindng us to rat foods that arc 
needed even though we may not like them. They should be trained 
at least in the general facts of nutrition and the possibilities of chang¬ 
ing food habits. We look to them to plan meals that we can enjoy 
with the assurance that they are adequate as well as appetizing. 

Although menus and meal plans are u.seful in attaining a good diet, 
they alone do not provide sufficient evidence by whirh to judge ade¬ 
quacy. Often diets appear inadequate when judged by the menus but 
arc shown to be adequate by analyses of the quantities of foods con¬ 
sumed. Conversely, a similar analysis of interesting-looking menus 
may show an insufficient intake of important foods, especially vege¬ 
tables. 

I’SYCHOLOGICAI. IIBSPONSES INFLUENCING ACCEITANCE OP FOODS 

I have SO far discussed food requirements and methoils of checking 
the adequacy of diets and have touched only lightly upon attitudes 
toward food and the difficulties that sometimes interfere with the at¬ 
tainment of an adequate diet. Although there are complications, they 
arise because of man’s intelligence. In modern civilization many peo¬ 
ple have gradually conditioned themselves to expect and even 
demand a much more complicated dietary than is needed to satisfy 
nutritional needs. This enjoyment is one of the privileges of man. 
Insofar as people can afford these habits, they should enjoy them. 
Enjoyment is, however, only relative. New opportunities arise and 
with them new desires arc created. On the other hand, when enjoy¬ 
ment interferes with the acceptance of an adequate dietary, the in¬ 
dividual is faced with the dilemma of continuing his habits or accept¬ 
ing something that appears to him to be less interesting and satisfying. 
These changes arc more easily accepted by the individual than by 
groups of individuals. 

Man likes what he is used to, but he also likes a change. On this 
premise it should be possible, under circumstances in which he is 
faced with the need for a correction in the dietary, to condition him¬ 
self to a new set of habits. 

In any attempt to improve the nutritional status of a person, there- 
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fore, une should be made of instmcts, appetites, habita, and any other 
devices to condition him favorably to desirable food habitB. Hunger 
and appetite can be made valuable aids in securing the acceptance of 
food. Hunger that is due to actual contractions of the stomach stimu¬ 
lates the seeking of food. Appetite, on the other hand, is associated 
with the presence, or even the memory, of pleasant odors and flavors 
of food and may occur when the stomach is full. When hunger con¬ 
tractions or pangs occur, people show irritability and restlesanesB, 
even when the attention is so occupied that the contractions are not 
recognized. When three meals a day are eaten at regular hours, hun¬ 
ger contractions are seldom noticed, and when only one or two meals 
a day arc eaten a certain amount of indifference to them may be built 
up. Excitement, pain, or anger inhibits hunger; outdoor exercise, 
physical work, or insufficient food stimulates hunger and lowers the 
level of discrimination, thus creating a situation favorable to the ac¬ 
ceptance of new foods, that may be utilized when there is need to 
change dietary habits. 

As a matter of fact, people often take food as the result of appetite 
rather than of hunger. Appetite stimulates the flow of digestive juices 
but is not essential to the digestion of food, since once in the stomach, 
food is equally well digested whether liked or not, provided no serious 
or continuous emotional factors are involved. 

Habit plays an important role in the acceptance, as well as refusal, 
of certain foods and is thus useful in efforts to provide an adequate 
dietary. Habits are paradoxes. A man will eat the same breakfast year 
in and year out but will rebel if his dinners or suppers are the same or 
even if they are repeated at weekly intervals. In New England hot 
baked beans are traditionally necessary for Saturday suppers and cold 
baked beans for Sunday breakfasts. In the South boiled beans are or 
were often a customary second dish for both dinner and supper, but 
in other parts of the country if beans are served two meals in succes¬ 
sion there is likely to be trouble. 

Man is not alone in the persistence of habit in the face of change. 
Animals accustomed to a particular ration do not readily change to 
another unfamiliar diet. For instance, a farmer in Ohio purchased 
some cattle raised in North Dakota that had never been fed corn, and 
it took some time to teach these cattle to eat corn. He reports that one 
steer never did acquire the habit of eating com. Animals, however, 
show a greater willingness to consume the food presented to them 
than does man. They can also be taught to expect variety in their 
diets. These habits usually result from the tutelage of man and are 
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frequently seen in household pets, where their owners have projected 
their own conceptions of the pet’s desire for variety or for particular 
foods. 

Conditioning is another device that can be used to modify food 
habits. The classic experiment of Pavlov’s dogs has led us to see how 
many of our actions, including attitudes toward food, are the result 
of conditioning or involuntary reactions to stimuli. Poffenberger 
favorably conditioned a group of students to music they did not like 
by playing it while they ate attractive meals. Most of us can explain 
an intense aversion to a particular food by its association with some 
painful event, or remember discovering that we “liked” a new food 
when it was eaten on a gala occasion. Conscious use of such methods 
of modifying established habits or creating a(;ceptance of desirable 
foods offers a valuable means of improving dietary habits. 

The role of instinct in determining the choice of foods is not cer¬ 
tain, but some interesting examples of its effect on choice are reported. 
’Fhe new-born animal, born with a strong sucking instinct, having 
once found the nipple, soon learns to return to it with unerring accu¬ 
racy. As it grows older it samples the various objects within its reach, 
learns that some foods are better than others, and builds up a stand¬ 
ard of selection within the limits of food available. 

An experiment with rats, conducted for the purpose of determining 
whether animals search for specific nutrients, indicated that the 
choice of a particular food was the result of a generalized search for 
food and that habit or conditioning played a part in its selection. Un¬ 
der experimental conditions ruts have been found to choose a satis¬ 
factory diet from 11 relatively pure foods, itududing protein, carbo¬ 
hydrates, fat, certain vitamin-rich foods, and minerals, and to increase 
the consumption of sodium chloride or calcium where additional 
quantities of these elements were needed. Experiments with chicks 
showed that some of them consistently chose better diets than others. 

Man’s instinct or ability to select a satisfactory diet from among a 
number of foods or to modify the diet to meet changes in nutritive re¬ 
quirements has also been demonstrated. There is a careful report of 
three young children who were allowed complete freedom of clioice 
from among a wide variety of natural foods over a long period of time. 
The diets selected met all their nutritive requirements and resulted 
in excellent growth. Normally, however, man’s instinct is so over¬ 
laid by conditioning that he can not be trusted to select food with 
any relation to his physiological needs. 

At present, sufficient evidence to determine the exact manner in 
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which the body recognizes nutritional deficiencies and determines the 
choice of food is lacking. One suggestion is that nutritional deficits 
cause physiological changes in the body and that these changes alter 
the taste mechanism and set up a craving for a specific food. 

These nutritional facts and the attitudes of man to food may well 
serve as the basis for considering a problem that frequently defeats 
efforts to improve the nutritional status by setting up dietary stand¬ 
ards. A survey of dietary habits indicates that there is still much to be 
done in bringing people to accept a diet that meets the caloric needs of 
the body and provides a liberal allowance of all the nutrients required. 
It is concerned with the maintenance of morale in men fed in groups, 
as in the Army and Navy, and the practical application of the newer 
knowledge of nutrition to the improvement of our national health and 
economic welfare. The difficulties involved become evident when an 
attempt IS made to change the food habits of persons satisfied with a 
generous but nutritionally inadequate diet, to make drastic changes 
in the food of troops and yet maintain their morale, to set up a re¬ 
stricted though adequate diet for persons on relief, or even to under¬ 
stand the problems of the housewife who tries to stay within her food 
budget and still have a well-nourished and satisfied family. In each 
case the major problem lies in getting the persons concerned to accept 
the foods that should be used among those that are available. 

Evidence has just been presented that indicates that young chil¬ 
dren and animals will select a fairly adequate diet if given a reasona¬ 
ble variety of natural foods from which to choose, or that they will 
seek other foods if the diet presented is inadequate. But as man grows 
older and develops fixed habits this faculty of selection of the diet is 
apparently submerged and seldom used. The desire for palatable or 
customary foods displaces the urge to search for foods that will make 
the diet more satisfactory from a nutritional standpoint. 

VALUE OF EDUCATION AND TRAININO 

The most promising solution of the problem of getting people to 
accept an available adequate diet lies in education and training. 
Training must begin with the establishment of good food habits in the 
child and involves learning to enjoy a simple adequate diet and to be 
willing to accept new foods to replace or supplement customary foods. 
The success of this program depends largely upon skill and attitude of 
the mother. Although education begins at home, it should be carried 
on also in the schools. Information given there reaches back into the 
home and affects the parents and other members of the family. Fi- 
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nally, there are great possibilities for general education for better 
dietary habits, particularly for adults. Here the problem is to insure 
the sound, broad presentation of facts, unbiased and in their proper 
relationships. Many books, bulletins, and pamphlets containing a 
large amount of information about nutrition are available for use in 
the home and school. Radio broadcasts and household publications 
offer advice and aid in planning meals. Many of these are biased; 
hence the information should be carefully evaluated before it is ac¬ 
cepted. Great care must be taken to make sure that material to be 
used in the schools is factually accurate, that it presents completely 
unbiased discussions, and that it promotes no f(X)d product exclusive¬ 
ly. Sometimes material is offered os educational that is really special 
pleading for particular food products. It may be well written, accu¬ 
rate, and informative. While manufacturers and industries are justi¬ 
fied in advertising the merits of their products, this promotional ma¬ 
terial usually lacks the detachment and broad approach that should 
characterize educational material and should not be confused with it. 

A considerable part of current popular material about food is pre¬ 
sented in the form of recipes. This kind of material is very useful in 
securing the acceptance of new foods or the wider use of common 
foods. While reciiies may be of little inunediate interest to students of 
nutrition they are of real value to those who must prepare and serve 
meals. Since these persons should always consider foods in relation 
to their nutritive values and their place in the diet, material on prepa¬ 
ration should present facts about the place of the foods in the dietary. 
An example of an excellent service of this kind is the weekly mimeo¬ 
graphed press release called “The Market Basket,” which the De¬ 
partment of Agriculture has issued for a long time. It has combined ' 
information on the general nutritive requirements of the family with 
information on seasonable foods and presents simple yet attractive 
methods of preparation. 

As previously pointed out, material that is to be used as a guide 
either in teaching nutrition or in planning dietaries should suggest 
more than one major source of each of the nutrients. This is especially 
true if the material is to be used by people in all ports of the country 
and if people are to be taught the possibilities of varied diets. 

The average person can hardly expect to keep well informed about 
all the changes in and additions to knowledge of man’s food require¬ 
ments, but he should realize the extent to which his food habits play 
a part in determining his well being. He should also realize that these 
are not infallible guides and that a nutritionally abundant and rea- 
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sonably satisfactory diet can be achieved at different income levels if 
one is willing to bring an open mind to its acceptance. If the house¬ 
wife, steward, or cook can combine this knowledge with skill in the 
selection and preparation of food, real progress toward better nutri¬ 
tion can be made. Thus man can satisfy his body requirements for 
food without losing the opportunities to enjoy it. 

BIOPHYSICS .—Delayed killing of tnatee seeds x-rayed at liquid-air 
temperature.^ Louis R. Maxwell, U. S. Bureau of Agricultural 
Chemistry and Engineering, and'J. H. Kemptbn, U. S. Bureau 
of Plant Industry. 

The first stage in the biological response to x-rays is the absorption 
of quanta with the production of high-energy primary electrons. As 
these particles traverse the medium they lose their energy in the proc¬ 
ess of ion pair formation. On the average as each ion pair is formed 
there will be about 32 electron volts of energy taken from the primary 
electron. These early physical phenomena will be independent of 
temperature changes and will always provide discrete amounts of 
energy to the medium. The ion pairs formed will react with neighbor¬ 
ing molecules and, since their energy is large compared with ordinary 
thermal reactions, these processes should not be dependent on tem¬ 
perature. 'fhese ionic reactions will then provide the initial energies 
of activation for subsequent low-energy, including thermal, reactions. 
The subsequent changes will lie manifested by changes in the living 
plant. It is to l>e expected that many of these low-energy reactions 
will depend upon temperature changes. Any external influences, such 
as extreme variations of temperature, that will greatly affect any 
of these fundamental steps should prove to be a useful tool in the 
investigation of biological response to radiation with x-rays. 

Maintaining the specimens at about -IST^C. by means of liquid 
air during irradiation should largely eliminate significant thermal 
reactions within the material. The subsequent development of such 
specimens under normal growing conditions should give information 
as to the actual importance of thermal reactions during the time of 
irradiation. In the present experiments dry maize seeds were used 
because they are able to withstand submergence in liquid air without 
seriously altering their subsequent growth (0).* 

Various experimenters have investigated the effects of small changes 
of temperature during the time of irradiation by x-rays. Early work 

* Received May 24, 103Q. 

' Numbers in parentheses refer to the "Literature Cited ” 
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by Muller (8) on Drosophila mdanogaster and Stadler (10) on barley 
and maize showed no influence of temperature during irradiation on 
the observed mutation rates. As regards physiological changes (1) the 
temperatures used during irradiation have in general produced either 
no effect or else an increase in the amount of injury resulting from the 
irradiation as the temperature was raised. The literature on the ge¬ 
netic effect of x-rays has been summarized recently by Timof6eff-Res- 
sovsky (12) and for plant cytogenetics by Goodspeed and Uber (5). 

Crabtree (3) and Crabtree and Cramer (4) have shown that cold 
treatment renders cells more sensitive to radium radiation. This re¬ 
sult has been confirmed by Mottram (7), who has shown that the 
growth of bean roots held at 0°C. during irradiation is much more 
adversely affected than when they are irradiated at 24°C. Apparently 
the temperatures used have not been below 0“C. 

It has been found that under normal conditions maize seeds will 
respond to x-ray treatment in a very definite manner, which has been 
called “delayed killing” (2). An x-ray dosage of 70,000 r units for dry 
maize seeds will result, after normal germination, in complete delayed 
death as characterized by cessation of growth before the first leaf is 
fully exserted from the coleoptile. This type of response is obtained 
with certainty, and it was used in the present work as a criterion for 
detecting possible new developments arising from the use of liquid- 
air temperature. 

EXPERIMENTAL PROCEDURE AND RESULTS 

The experimental arrangement used is illustrated in Fig. 1. Directly 
beneath the x-ray tube was placed a large liquid-air flask m which 
a metal boat containing the maize seeds floated on the liquid air. 
The actual temperature was measured by means of a thermocouple 
embedded in one of the seeds, which showed that the seed tempera¬ 
ture was not more than 2°C. above the temperature of the liquid air 
used (approximately -187°C.). Runs were made at room tempera¬ 
ture under conditions identical with the liquid-air experiments by 
replacing the liquid air with water. This ensured that all secondary 
effects such as back scattering would be the same in both cases. After 
the x-ray exposures the seeds were brought up to room temperature 
within a few minutes. 

A Coolidge air-cooled x-ray tube with tungsten anode was used at 
a constant potential of 45 k.v. This provided a continuous band of 
radiation with maximum intensity at approximately 0.60 A. A sheet 
of black paper was used as a filter to eliminate heat radiation. The 
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anode distance was 23 cm, exposure time hours for 70,000 r units, 
and plate current 7 ma. Dosage values given were measured by means 
of a standard open-air ionization chamber (11) before and after each 
run. Dosage values given are accurate to within 5 percent. 

Three treatments were given as follows: (a) 70,000 r units at liquid- 
air temperature, (b) 70,000 r units at room temperature, and (c) no 



Fik 1 —DiaKTBm of the arram^ement used in x-raying dry maise seeds 
at liquid-sir temperature 


z-ray exposure but cold treatment at liquid-air temperature identical 
to (o). To this group was added a fourth lot as controls, which were 
kept at room temperature and were not irradiated. 

In each of the treatments 300 seeds of Funk Yellow Dent maize 
were used. This seed was drawn from a thoroughly mixed conomercial 
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stock that on testing had 8 percent moisture. This variety of maize 
has been used for several years in both x-ray and other radiation ex¬ 
periments and furnished the material on which the previous x-ray 



Liquid Air Room Tompi Liquid Air Room Tomp. 
NoX-Royt No X'Roys X*Roys X-Roys 

70,000‘'r'' 70,000"r* 


Fig 2 —Section of a Boedling flat showing Beedlings natural size 
fn>m the four cTasaes of treated seeds 

reports were based (2, 6). Experiments planned to disclose differ¬ 
ential reactions of diverse types of maize to x-rays have been tried 
with negative results. It is believed, therefore, that the reactions ob¬ 
tained in the present experiment are general for maize seeds having 
no more than 8 percent moisture. 

The three lots of treated seeds, together with the controls, were 
planted in the greenhouse in seven metal flats within a few days after 
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irradiation. These flats, 1 foot square and 4 inches deep, were designed 
to grow 12 rows of 12 plants each. The flats were filled to within one- 
half inch of the top with carefully mixed sterilized soil. After the 
seeds were planted points down and the crowns flush with the soil 
surface, the flats were filled level with the sides with water-washed 
sand. Thirty-six seeds from each treatment and the untreated control 
were planted in each of seven flats. With perfect germination this 
planting would provide 252 seedlings of each treatment. The position 
of the treatments within the four row blocks was random within each 
flat, and the flats were mounted on a compound clinostat where not 
only the table rotated but each flat rotated independently, thus 
eliminating between flats, and parts of flats, the effects of fixed shad¬ 
ows inevitable in greenhouse plantings. 

Ten days after planting the heights of the seedlings were recorded 
in millimeters, the measurements being made from the box edges, not 
the soil surface. The plants were grown for another ten days to make 
certain there were no recoveries. 

The results obtained show first that delayed kUling still occurs for 
the seeds held at hguid-air temperature during the time of irradiation, as 
shown in Table 1 and illustrated in Fig. 2. However, within the x- 
rayed group the plants from seeds subjected to liquid-air temperature 
average 27 percent larger than those x-rayed at room temperature. 
The reverse of this is true for the plants from non-x-rayed seeds. In 
this latter case the plants from seeds cooled for 5^ hours at liquid-air 
temperature were 41 percent shorter than the controls. The differ¬ 
ence in both cases is statistically significant as shown in the analysis 
of variance given in Table 2. 

STAI'ISTICAL TREATMENT OF RESULTS 

Despite the precautions taken to ensure uniformity, the four row 
blocks differed among themselves more than would be expected from 
random variations. The variance of four row blocks was further sub¬ 
divided into that contributed by differences between flats and that 
between the blocks within the flats. The ratios of the mean squares to 
the error mean squares show that the significant variability is between 
flats and not between the four row blocks within the flats. 

The generalized error obtained from the entire experiment can not 
rightly be applied to the differences within x-ray treatments, because 
of the great disparity in size between the seedlings from x-rayed as 
compared with those from non-x-rayed seeds. However, the mean 
square for interaction shows conclusively that temperature and x-ray 
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treatment had a significant combined effect. To derive generalized 
errors for the x-rayed and non-x-rayed seeds the two populations were 
considered separately. Analyzing the variance for the group of seed¬ 
lings from x-rayed seeds we see that the temperature at which the 
seeds are treated produces a significant effect and similarly within 
the non-x-rayed group temperature produces a significant effect. For 
the size populations under consideration the error of the difference be¬ 
tween the two temperatures within the x-rayed group is 0.45 mm and 
in the group of seedlings from the non-x-rayed group it is 1.84 nun. 


Tablv 1 —Nuicbsb and Mban Hbiqhtb op Maisb Hbbdlinos Subjbctjcd to thb 

Indicatbd Trbathbntb 


Treatment 

Number of 
plants 

Mean height 

70,000 r, hquid-air temperature 

220 

10 12± 0 30> 

70,000 r, room temperature 

230 

7 97 ±0 30 

No x-ray, liquid-air temperature 

240 

77 36±1.31* 

No x-ray, room temperature 

248 

109 62 ±1-29 


' Error of the difference between the x-rayed Rroupe^-O 46 mm 
* Error of the difference between the non-x-rayed Kixmpe*-! .84 mm. 


Tablb 2 —Anadybis of Variancb 


Treatment 

Complete ex- 
1 penment' 

X-rayed seeds 
only* 

Non-x-raved seeds 
only* 

Degrees 
of free¬ 
dom 

Moan 

square 

Degrees 
of free¬ 
dom 

Mean 

square 

Degrees 
of free¬ 
dom 

Mean 

square 

Total 

83 

1,076.7 

464 


487 

716 4 

Four-row blocks 







Two-row blocks 

i 

1 61.2 

20 


20 

1,608 8 

Treatments 

3 


1 

636 2 

1 

120,267.0 

Error 

60 


443 

23 6 

466 

413.0 

Subdividing blocks' 







Flats 

6 

134.4 

6 

19.2 


3,646.9 

Within flats 

14 

29.8 

14 

38 0 

14 

635.3 

Subdividing treatments* 







Temperature 

1 






X-ray 1 

1 

149,607.4 





Interaction 

1 

6,110 7 






* Based on means of rows to avoid unequal frequencies 

* Based on individual plants 


DISCUSSION 

It can be concluded first that delayed death does not result prima¬ 
rily from temperature-dependent thennochemical reactions, which 
might take place during the time of irradiation. However, when the 
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seeds are x-rayed at liquid-air temperature the extent of plant growth 
before death is greater than when they are irradiated at room temper¬ 
ature (approximately 21°C.). This would indicate that important de¬ 
structive reactions that are involved in the phenomenon of delayed 
death can be retarded by holding the specimens at the temperature of 
liquid air during irradiation. 


SUMMARY 

1. The biologioal effect of x-rays is classified into essentially three 
stages' 

(a) Absorption of quanta with liberation of pnmaiyelectrons and subse¬ 
quent ion-pair formation 

(b) Ion-pair reactions with the surrounding medium which arc expected 
to be temperature independent involving chemical reactions which 
may require both low and liigh energies of activation 

(c) All subsequent low-energy, including thermal, reactions affecting 
the life of the material. 

2. Maintaining seeds at liquid-air temperature during irradiation 
should greatly reduce the number of thermal reactions occurring at 
time of irradiation. 

3. Delayed killing of mnizo seeds by x-rays is found to occur for a 
dosage of 70,000 r units when they are irradiated at liquid-air temper¬ 
ature (about — 187®C.). Extent of growth of delayed killed plants at 
liquid-air temperature is significantly greater than for seeds irradiated 
at room temperature. 

4. It is concluded that delayed killing of maize is not due primarily 
to temperature-dependent thermochemical reactions that might take 
place during time of irradiation. Factors producing delayed death 
are diminished by using liquid-air temfierature during irradiation. 
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BOTANY.—A second United States species of Bemardia.^ C. V. 

Morton, U. S. National Museum. 

All the United States plants of the genus Bemardia (Euphor- 
biaceae) have been referred to a single species, B. myricifolia 
(Scheele) Wats., described from Texas on material collected by Lind- 
heimer. Specimens collected in Arizona and California have, however, 
a somewhat different appearance, and a detailed examination has 
proved that they represent a distinct species. The western specimens 
have small leaves (rarely over 1.5 cm long) of an ashy color due to 
the very close, stellate pubescence, the individual hairs being so mi¬ 
nute (hardly over 0.1 mm long) that they can be seen only with a 
rather high magnifiration. The under side of the leaves is so densely 
covered that none of the leaf surface itself is visible. On the other 
hand, the specimen of the type collection of B. myncifolia in the 
U. S. National Herbarium and all the numerous other Texas speci¬ 
mens have relatively larger leaves (often 4 or 5 cm long) and a longer 
and less dense pul)escence, perhaps best described as stcllate-hirsutu- 
lous. The rays of the hairs are 0.5 to 1 mm long, and the leaf surface 
is frequently visible. The stipules of the western plant are relatively 
conspicuous, owing to their blackish-purple color; those of B. myn- 
dfolia are inconspicuous, pale green or yellowish in color. 

The stamens of the western plant are either 5 or 6 in number (or 
sometimes 7 according to Jepson), those of B. myrtcifolta twice as 
many (11 to 15). It is possible that there may also be a difference in 
the color of the connectives, those of B. mynctfoha being dark pur¬ 
plish, those of the western plant apparently yellowish and of the same 
color as the anther cells. A further difference is observable in the 
styles, which are 3 in number, each once-parted. In B. myriafolia 
the lobes are conspicuously and complexly laciniatc, but in the west¬ 
ern specimens they are frequently quite entire or bear only one or two 
teeth on each side. 

The western plant, here described as Bemardia incana, is quite 
common in Arizona but apparently rare in California. Its range does 
not overlap that of B. myncifolia, which in the United States is found 
only in Texas and New Mexico. In Mexico the ranges of the two are 
equally distinct, B. myricifolia being found in eastern Mexico (Coa- 
buila and Tamaulipas), B. incana only in Lower California. 

The only other species of this relationship that has ever been de- 

‘ Published by permission of the Secretary of the Smithsonien Institution. Re¬ 
ceived May 4,1030, 
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scribed is Bemardia vtridis Millsp. from Lower California, the type 
of which has very kindly been lent by the University of California. 
This species was reduced to the synonymy of B. myricifolia by Stand- 
ley, but it is evidently distinct. The material is inadequate for a 
complete diagnosis, but the relationship is decidedly with B. ntyrici- 
folia rather than with B. incana. 

It should be mentioned that both Jepson and Munss state that 
B, myricifolia (i.e., B. incana) is monoecious. I have examined a good 
many specimens carefully with this in mind but have never found 
both sexes on the same specimen, although both are often on the 
same herbarium sheet. 

Bemardia incana Morton, sp. nov. 

Frutex dioicus; folia altema bistipulata, stipulis crassis cucuUatis atro- 

i mrpureis persistentibus; lamina foliorum oblonga, 10-15 (raro 25) mm 
onga, crcnata, subtus oiucrea. dense incano-puberula, pilis stellatis minutis 
pluriradiatis; pedicelli masculi graciles, sepalis 3 minutis, externe minute 
puberulis; stamna 5-7, antheris flavis, conneotivo concolore; floras feminei 
solitarii vel bini, sessiles, segmentis 5 imbricatis, externe minute puberulis; 
styli 3 bipartiti, lobis integris vel dentes 1 vel 2 utroque latere gerentibus. 

A much-branched, thorny, dioecious shrub, the stems terete, glabrate 
except at apex, leaves alternate, congested at the tips of short lateral 
branchlcts, bisiipulatc^ the stipules elongate-triangular, i mm long or less, 
cucullate, thick, blackish purple, extem^y puberulous, persistent, petioles 
short, terete, up to 4 mm long, about 0.5 mm in diameter, densely short- 
puberulous; leaf blades oblong, up to 25 mm long and 12 mm wide, rounded 
at apex, obtuse at base, regularly creoate, the crenations 4-0 on each side, 
Bubcoriaceous, subtrinerved at base, pale green above, cinereous beneath, 
densely short incano-puberulous beneath, the hairs stellate ^^ith many 
(about 10) rays, these not over 0 13 mm long, about lO/x wide; staminate 
mflorcscence up to 15 mm long, axillary, the rhachis slender, densely puberu¬ 
lous, the bracts 4-0, minute, each subtending a fascicle of 3 or 4 flowers, 
the pedicels 2-2.5 mm long, very slender, often nearly glabrous; staminate 
perianth of three sepals, these free, ovate, about 1 mm long, valvate, acutish, 
pale yellow, externally puberulous; stamens 5 or 6 (or rarely 7), the filaments 
about 0.5 mm long, glabrous, the anthers yellow, suborbicular, about 0.26 
mm long, the connective pale; rudimentary ovary none; pistillate flowers 
solitary or in pairs, sessile, the perianth segments 5, about 2 mm long, 
imbricate, the mnermost linear; disk low, trigonal; ovary stellate-puberu- 
lous; styles 3, two-cleft, the branches simple or with 1 or 2 short lobes on 
either side; capsule about 0 mm high, 0 mm wide, densely cinercous-puberu- 
lous, the hairs stellate, similar to uiose of the lower leaf surface; seeds sub- 
globotte, pale brown, about 0 mm long, ecarunculate. 

Typ^ m the U. S. National Herbarium, no. 60822, collected at Sierra 
Tucson, Aril., April 21, 1884, by C. G. Pringle. 

Additional specimens examined: 

Arizona: Fish Creek, McKelvey 1110; Peebles, Harrison, & Kearney 6348. 
Sierra Estrella, Peebles, Hamson, & Kearney 3292. Superstition Mountain, 
Oaiespie 8606. Lowell, Parish s. n. Bright Angel Trul, Grand Canyon, 
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Leiberg 6963; Qoldman 2226; Covilie 1690, 1695; Eastwood 1. Pipe Creek, 
Grand Canyon, Ooldman 2246. CongrcBB Junction, Af. E Jones s. n. 

California: Whitewater, Parish 752 Without apecial locality, Parrg dt 
Ijftnmon 375. 

Lower California: San Pablo, Purpus 27. 

PALEOBOTANY.— A Melioema in the Wilcox Eocene.^ Edward W. 

Berry, Johns Hopkins University. 

Many years ago Professor Newberry described a leaf that he chris¬ 
tened Vtbumum cuneatum* from the Eocene of Tongue River in Mon¬ 
tana. This was ultimately figured in his posthumous monograph.* 
Newberry was very uncertain about this generic reference, and, as 
the specimen had none of the features of Viburnum, when I found 
what appeared to be identical forms in the Holly Springs sand of 
western Tennessee I reviewed a large amount of recent material and 
came to the conclusion that its afiSnities were with the Hama- 
melidaceae and transferred it to the genus Parroha of that family.* 
Some years later better material was collected in Arkansas.* 

1 have been on the lookout for comparable recent material ever 
since and some years ago concluded that my earlier comparison with 
Parrotia was a mistake and that what it really represented was a 
species of Mehosma. 

The genus Meliosina of Blume comprises more than half the existing 
species of the family Sabiaceae, which is hence a relatively small 
family, tropical or subtropical in its occurrence, mostly north of the 
Equator, and Asiatic and American. Melwama is divided into two 
sections, the one with pinnate and the other with simple leaves. 

The general features that distinguish these leaves is their obovate 
form; rather shiny firm texture; variable margin, cither entire or 
when toothed generally entire in the lower half, when toothed rather 
irregularly so both as to spacing and emphasis; prominent primary 
venation; secondaries in the toothed forms indifferently craspedo- 
drome or camptodrome, some ending in the teeth and others sending 
a tertiary branch into the teeth; tertiaries sometimes simple and per- 
current, at other times connected by zigzag connections midway 
between adjacent secondaries. The whole venation facies is rather 
characteristic and readily recognizable, but difficult to describe. 

The lower Eocene Montana-Wilcox form should be called Meliosma 

> Received May 2, 1039. 

' NawBKBBT, J. 0 . Proc. U. S Nat Mus S: 611. 1883. 

I NiwBBaaY, J. 8. Mon. U 8. Oeol. Surv. 3$: 130, nl. 67, fin. 2. 1808. 

* Biaar, E. W U. 8 Geol. 6arv. Prof. Paper 91: 210. 1016. 

• Bibbt, E. W. Ibid. 156: 71, pi 12, fig 10. 1030. 
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cuneata (Newberry). (Sec Fig. 1.) Its closest living analogues occur 
for the most part in Mexico and Central America. In general there is 
less close a resemblance to existing species in the Antilles, which are 
mostly entire; and those of eastern Asia, which are generally slenderer 



Figs. 1, 2 —1, Mdtoma euneala (Kewberry), Wilcox Eocene. 2, Meltotma 
denlata Urban, from Central America. 

and have more regularity of dentition, although several of the latter 
are more like the Montana example than they are like the Wilcox 
forms. 

It is among the variable leaves of Meliosma dentata Urban and 
Meltosma glabraia (Liebm.) Urban of Central America that the fossil 
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form can be most closely matched. The leaf of the former shown 
in Fig. 2 is not nearly so like the fossil as others of that species which 
I was unable to obtain for illustrating. 

The fossil record of Meliosma is very incomplete, largely, I believe, 
because paleobotanists have been relatively ignorant of the foliar 
characters of some of the tropical families. The present Wilcox species 
is the oldest known leaf specimen, although Reid and Chandler* have 
described three species based on endocarps from the London clay of 
southeastern England (Sheppey), which is almost exactly the same 
age as the Wilcox (Ypresian). There is also a fruit from the Pliocene 
of Reuver and Swalmen^ in Holland, which completes the known 
European records. 

The additional American records include a fruit described by the 
present writer* from the lower Miocene of California and three species 
based upon leaves described by Chaney and Sanborn* from the upper 
Eocene Goshen flora of Oregon. One of these— Mehoama goshenensia 
Chaney and Sanborn’®—is the most similar to the Wilcox species. 
These authors compare this species particularly with the existing 
Melioama panamenaia Standley, although calling attention to certain 
similarities in the living Chinese M. ngtda B. & Z. and M. aimphct- 
folia Roxb. 

ZOOLOGY.— A new allocreadnd tremaiode, Podocotylc shawi, n. «p., 
from the atlver aalmon} Allen McIntosh, U. S. Bureau of Ani¬ 
mal Industry. 

The species described in this paper is based on 5 specimens that 
were recently forwarded for identification to the Bureau of Animal 
Industry by Dr. J. N. Shaw, Oregon State Agricultural College, 
Corvallis, Oreg. This species belongs to the genus Podocotyle, but 
since it does not appear to agree with any known member of the 
genus, it is regarded as new and is desenbed below. 

Podocotyle shawi, n. sp. 

Deaenphon —Body elongated, 4 1 mm long by about 1 1 mm wide, 
slightly constricted at equator, broadest at region of testes, anterior end 
more attenuated than posterior end, cuticula without spines. Oral sucker 
termini, 310^ by 250 m ; cuticula of inner wall of oral sucker appearing as if 

* Riid and Chandlbr. London day flora, Briliah Musoum 10.33 

' C and E M, Reid Phoeene flara of the Dutch Pruenan border, p 113, pi II, 
figs. 10-21, 24, 25 1915 

' Bbbbt, E. W. Journ. Waiihington Acad Soi lOiO^fiin 1, 2 1020. 

' Gbanbt and Sanborn. Carnegie Inst Waehmgton Publ 439: 84 1033. 

>« Ibtd 84, Pi. 28, figs. 2, 3; pi. 20, figs 1-3 

‘ Received Maron 8, 1030, 
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provided with rasplike scales Acetabulum pre-equatorial, 500/i by 450/i. 
Prepharynx about 150m by 150m; pharynx 200m in diameter; esophagus 400m 
by 50m; intestinal crura ending near posterior end of body. Excretory pore 
at posterior end of body, opening into an elongated bladder. Testes from 
ovoid to almost spherical in outline, tandem and contiguous, situated in 
posterior half of b^y; anterior testis 380m by 600 mi posterior tratis 450m by 
550m. CimiH sac 1 7 mm long bv about 100m wide, extending along median 
line from near region of ovary, bending to pass acetabulum laterally to area 



Fig. 1.— Podocotyle^ha^p%^n,9p, A, Ventral aspect B, Ovarian complex, dorsal aspect. 
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between acetabulum and cecal fork and then continuing diagonally to 
genital pore; cirrus spiny, protruding in type specimen beyond body margin. 
Genital pore located laterally about halfway between median line and 
margin of body in jmne of posterior third of esophagus. Ovary lobed, 200/i 
by 380m, median or lateral in position, pretesticular, luminal receptacle 
dorsal to ovary, about 150 to 300m; Laurers canal extending anteriorly from 
large seminal receptacle. Vitellaria extending from level of intestinal fork 
to beyond cecal tips, usually with an interruption at basal level of acetabu¬ 
lum. Uterus between ovary and acetabulum, consisting of few coils. Metra- 
term elongated, to left of cirrus sac. Eggs about 78m by 55m, yellowish 
brown. 

Hahilat .—Intestine of silver salmon, Oncorhynchus hisvdch (Walbaum). 

Dtdrihviion .—Alsea River, Oregon, U. S. A. 

Specimens, —U. S. N. M. Helm. Coll. nos. 43427 (type) and 43428 
(paratypes). 

Remarks ,—In addition to the type specimens from Oncorhyru^hus kisvlch 
there are several specimens in the Helminthological Collection of the Bureau 
of Animal Industry from the cutthroat trout {Salmo clarkti Richardson) 
and the steelhcad trout (Salmo gatrdnerit Richardson) that apppear to be 
identical with the specimens on which the new species is based; these speci¬ 
mens were also collected by Dr. Shaw from the same locality. 

PodocotyU sham differs from most of the other members of the genus in 
that the vitellaria on each side extend in front of the acetabulum to the 
level of the cecal fork. In a few species of the genus PodocotyU^ namely, 
P, aiomon var dxspar Nicoll, 1919, P lanceolata Price, 1934, and P. pennelh 
Leiper and Atkinson, 1914, some few vitelline follicles, usually only on the 
right side, are present in front of the acetabulum; however, in these three 
species the cirrus sac is short in comparison with the elongated cirrus sac 
of P. sham 

Recent contributions to our knowledge of the genus Podoctyle are to be 
found in papers by Price, 1934 (Smithsonian Misc. Coll. 91: 1-8); McFar¬ 
land, 1936(Journ. Biol. Board Canada 2: 335 <347); and Park, 1937 (Joum. 
Parasit 23: 405-422). In the last-named paper a key to the species of the 
genus PodocotyU is given 
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ENTOMOLOGY .—A key to the larval Boslrichidae in the United 
States National Museum {Coleoptera)^ William H. Anderson, 
U. S. Bureau of Entomology and Plant Quarantine. (Communi¬ 
cated by C. F. W. Mubsebeck.) 

Twenty-one species are included in the accompanying key, which 
deals only with full-grown or nearly full-grown larvae. Twenty of 
the species are represented in the larval collection of the United 
States National Museum. The only species treated of which no larvae 
arc contained in that collection is the cosmopolitan Rhizoperiha do- 
minica (F.), the distinguishing characters of which have been taken 
from the valuable paper by Gardner.* Except for Dexicraiea rohuatue 
(Blanch.), all the species in the key occur in North America. 

The family characters of larval Bostrichidae have been given in 
detail by Boving* and will not be repeated here. However, the scope 
of the family is here extended to include the Psoidae of Bdving and 
Craighead.^ The genera comprising this family, namely Stephano- 
pachys, Rhizopertha, Dinoderua, Polycaon, and Paoa, were excluded 
from the Bostrichidae by those authors because they possess strong 
epipharyngeal sclerotisation, a large pseudomolar process, and large 
fleshy lacinia mandibulae. That these characters arc hardly sufficient 
for family separation was brought out by Gardner (1. c.), who showed 
that the larval mandible of the Bostrichini has a small fleshy append¬ 
age (lacinia mandibulae) and a small rodlike projection (pseudomola). 
Furthermore, although in habitus the imagoes of the Psoinae are 
somewhat divergent from those of the Bostrichinae, those of the 
Dinoderinae must be considered convergent. And a study of the 
larvae of Psoinae and Dinoderinae indicates the close relationship 
between the subfamilies. In addition, the biologies of the Psoinae and 
Dinoderinae are very similar to those of the Bostrichinae. It seems 
best, therefore, to include the Psoidae of B6ving and Craighead in 
the Bostrichidae. 

I agree with Gardner (1. c.) and Lesne* in considering Dinoderua 
and related genera (Dinoderinae) sufficiently distinct from the Psoi- 
nae to be worthy of subfamily rank. In the Dinoderinae the anterior 

^ Recelv«d March 22. 1939 

■ Qahdnsb, J. C. M /mmolurc Haats of Indian CoUopUra US) (BoHrychidae) 
Tndfan Forest Reo , Knt Ser 18 (9) 1-19, 4 pis 1^3 

■ BOyinq, Adam G. Taxonomy and nurrpKdloQy qf the larval etagea cj Soobiola 

deohvii (Lee). U S Dept. Bull. 1107 appendix): 49-56, pis. 1-2. 1022. 

< BOtinq, Adah Q , and Graiqhsad, F. C. An iUuetrated aynopeU cf the pria- 
etpoi latpol forma ef the order Coleoptera Ent. Amer 11 (n s.). 1-341, 126 pU. 1031. 

■ Lbbkb, Pibrrb, Lea eoUopihea boatryckidea da VAfrtque Tropieale Frangaiae 
Pans, 288 pp , 210 figs 1924. 
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Figs. 1-11.—1, Slepha7iopachy$ aubainatu$ (Payk.), lateral view (body eetae 
omitted). 2, S rugosua (Oliv ), tlbiotareue and olaw, left prothoracio leg (setae 
omitted) 3, Dtnodirua mtntUua (F ), iibtotanu and claw, left prothoraoic leg (setae 
omitted). 4, Stephanojf<ichy8 euoainatw, tibiotarsus and claw, left prothoracio lee 
(setae omitteid). fi, Rht 2 operiha domtmea (F right mandible, dorsal view (adapted 
from Gardner, I c, 34) 6, Dtnoderua mtnutus, left mandible^ dorsal view. 7, 

Stepkarwpachya subatnatua, left mandible, dorsal view 8, S, aitbatnaiiia, spiracle from 
third abdominal segment. Q, S Cay , head, dorsolateral view (setae, for 

the moat part, omitM) 10, o. po^cus, left maxilla, ventral view 11, kS su6«£naftM, 
left maxilla, ventral view. Except for Fig 6, all drawings are by the author. 
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abdominal terga have only two folds and the prothorax lacks a lateral 
thickening, whereas in the Psoinae there are four tergal folds and the 
prothorax possesses a lateral thickening. 

There seem to be excellent reasons for maintaining the Lyctidae 
as a distinct family, although Gardner (1. c.) and Lesne (1. c.) have 
treated them as a subfamily (Lyctinae) of the Bostrichidae. The 
Lyctidae are undoubtedly closely related to the Bostrichidae, espe¬ 
cially through the Dinoderinae and Psoinae, which resemble the 
Lyctidae in the shape of the head, the structure of the mouth parts, 
the development of the legs and their position at rest, and the en¬ 
largement of the thorax. It is probable that the similarity of food and 
of feeding habits is largely responsible for these resemblances. Other, 
less adaptive characters show the two groups to be distinct. 

An important difference is found in the lobes around the anal open¬ 
ing. The tenth abdominal segment of the Bostrichidae, in front of the 
anus, has a pair of adjacent lobes separated by a longitudinal groove. 
In the Lyctidae, however, the tenth abdominal segment lacks the 
longitudinal groove and folds in front of the anus, the anal opening 
being surroimded by a transverse anterior and two lateral lobes. 

A structure that probably has considerable significance is found in 
the posterior portion of the intestine. It consists of a pair of slender, 
apparently sclerotizcd rods, which lie in, or inseparably on, the wall 
of the intestine. In the Bostrichidae they begin at the lateral margins 
of the longitudinal groove in front of the anus and extend anteriorly 
in spirals. The spirals run clockwise for two or three turns, then 
reverse and run counterclockwise for one or tao more turns. The rods 
then unite and end blindly. In the Lyctidae these supporting rods 
simply follow along the ventral wall of the intestine without winding 
spirally, around it. 

The eighth abdominal spiracle in the Lyctidae is comparatively 
huge, whereas in the Bostrichidae it is not larger than other abdomi¬ 
nal spiracles. 

The pupae of the two families show little of significance, interpreted 
by our present knowledge, which would separate them. There is a 
difference in the habitus that is in agreement with the habital differ¬ 
ence between the imagoes, the Lyctidae being usually more strongly 
depressed and less compact. 

There is a significant difference in the male genitalia of the two 
families. In the Bostrichidae the axis of the aedeagus is parallel to 
that of the body. The genitalia of the Lyctidae, on the other hand, are 
somewhat asymmetrical in that the sclerotized parts are curved in 
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FigB. 12-21.—12, Polycaon aUnUi (Leo.), lateral view (body setae omitted). 13, 
P. ttouHt riffht mandible, buooa) view. 14, Paoa maeulata (Leo), tarsal claw, right 
prothoraoio leg. 16, Pdycaon atouit, tarsal claw, right prothoraoio leg. 16, P. atouti, 
antenna. 17, Paoa fnaotuoto, antenna. 18, Heterarthron pltcaium (Leo.), antenna. 
19, H, eof^ertum (Leo.), antenna, 20, H. confertum, ri^t mandible, buooal view. 21, 
Stiphanopachya ttdwirudus, epiphaiynz. All drawings by the author 
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such a manner that the posterior extremities of the lobes are not in 
the midline of the body. Furthermore a distinct torsion of the aedea- 
gUB has taken place in the Lyctidae, probably as a result of the 
curvation. 

It seems advisable to discuss briefly a few of the structures used in 
the key. Some of them have not been studied before in this family, 
and one structure has, at times, been misinterpreted. 

Arising from the ventral surface of the labral sclerite there is a pair 
of stout sclerotized processes, the so-called “epipharyngeal rods.” They 
extend vertroposteriorly through the pocketlike space between 
labrum and epipharynx and become secondarily attached to the dor¬ 
sal surface of the epipharyngeal membrane. On the ventroposterior 
end of each rod, muscles are inserted which usually originate within 
the head and are responsible for the principal movements of the 
labrum. 

Beneath the floor of the pharynx, immediately behind the buccal 
cavity, there is a forw’ardly directed U-shaped sclerome (Fig. 43). 
This has been termed the fulcrum. Extending posteriorly and some- 
\>hat dorsally along the walls of the pharynx from the arms of this 
sclerome there is, in most species, a supplementary pair of rods 
(Fig. 38). Muscles are attached to these rods* which assist in the tilt¬ 
ing of the floor of the pharynx, and hence in opening or closing it. 

The antenna consists of three articles except when the second and 
third have fused. In the latter case the distal end of the second can 
be located by the uniformly present, supplementary, conical, sensory 
appendix. In addition to the three articles there is a rather prominent 
basal membrane by which the antenna is connected to the head. By 
some investigators of this and other families this membrane has been 
considered as the basal article. An examination of the antennal mus¬ 
cles shows this conception incorrect since, from their origin within 
the head, the muscles can be traced to the base of the first article, and 
are not inserted on the membranous ring. 

The bostrichid larvae in the United States National Museum are 
readily separable into the three subfamilies Dinoderinae, Psoinae, 
and Bostrichinae. That these are natural groups is shown both by 
larval characteristics and by the structure of the male genitalia. 

* It 1b, of eouTBO, impoBsible to ooneider theso roda m being, ea Pnngle stoted, 
"upwardly directed into the mouth cavity." PniNOLS, J. A. Qo$enxUumt <m c«rta%n 
wood-ionng Coleoptera occurring in South AJrioa Trana. Roy. Ent. Boo. London 87 
(li;: 347-270, 1 pi, 6 flge. 1938. 
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Figs 22-34 —22, Apattdea forHn (Leo.), left mandiblep buooal view (BLG, dpinal 
bulge) 23, Amphieerua cornutus (Pallas), left mandible, buooal view 24, A hamaluM 
(F.), antenna 25, Ltehenophanes btcomta (Web ), epipharyngeal rod, lateral view. 
26, Apaiidee forHe. epipharyngeal rod, lateral view 27, lAchenophane% armxger (Lee.), 
epipharynge^ roa, lateral view. 28, L. armxgtr, antenna 29, Atnphicenu corntdus, 
antenna. 30, Liehenophanes bteornu, outline of foramen 31, L. armtger, outline of 
foramen 32, L. bicornw, antenna. 33. L. armtger, tibiotaniua and olaw, left pro- 
thoraoio leg. 34, Amphtcerua corniUua, iibiotarsus and claw, left prothoracio leg All 
drawings by the author 
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KEY TO SPECIES STUDIED 

1. Abdominal segments 1 to 5 with two tergal folds (Fig 1); labial palpus 

with one article; prothurax without lateral thickening (Dinoderinae) 2 
Abdominal segments 1 to 5 with three or four tergal folds (Fig. 12); 
labial palpus with two articles; prothorax laterally with oblique rod- 
like thickening or with oval raised area 6 

Dinodennae {coupUiB 2-6 inc,) 

2. Head without subcutaneous pigment spots or ocelli; spiracles simple, 

oval. 3 

Head with pigment spots (usually 6) and an ocellus (Fig. 9); each spiracle 
with a dorsal oval projection (Fig. 8) 4 

3 Mandible with three teeth; molar part granular (Fig 6) 

Rhizopertha dorntnica (F.) 
Mandible oblique, with one projecting tooth; molar part smooth (Fig, 6) 

Dinodenu minuiuz (F.) 

4 Claw of prothoracio leg robust, subequal in length to width of tibiotarsus 

(Fig. 2)^; ventral pigment spot of head largest ... 

.. SiephanopachyB rugosus (Oliv.) 

Claw of prothoracio leg slenderer, IJ to times width of tibiotarsus 
(Fig. 4); ventral pigment spot not larger than others (Fig 9) 5 

5 Stipes with numerous setao (Fig. 11) Siephanopachyz 8uh%iriQluz (Payk.) 

Stipes with few setae (Fig 10) Siephanopachyz paeificua Csy. 

6 Mandible with large pseudomola and with large fl^y appendage (Fig. 

13); epipharynx with large median sclerome (Fig. 21); maxillary 


palpus with three articles (Psoinae) 7 

Mandible without large pseudomola, either with (Fig. 46) or without 
(Fig 44) a small rodlike projection; epipharynx without median 
sclerome; maxillary palpus with two articles (Bostrichinae) . 11 

Fsmnae (coupleU 7-10 inc ) 

7. Mandibular molar part with three transverse ridges (Fig. 20). 8 

Molar part with one transverse ridge (Fig. 13) 9 


8. Prothoracic tarsal claw stout; clypeus lightly pigmented; antenna clearly 
with three articles (Fig. 18) Heterarihron plicatum (Lee.) 

Prothoracio tarsal claw slender; clypeus heavily pigmented; antenna 
with second and third articles apparently fused (Fig. 10) 

Heterarihron^ eonferium (Lee.) 

^ The tarsal claw of boatrichld larvae haa been oonaidered immovably united with 
the tibiotarsuB. In certain speGiea (of. Fig. 3) that have been investigated In this 
study the full quota of muscles Is present and extends from the claw into tibiotarsus 
and femur. It seems logical, therefore, that the claw Is independently movable. 

* The use of Heterarihron in place of Folyeaon for these two species seems justified, 
since they are not congeneric with Polyeaon etouti (Leo ) LiMenophanea bteomta (Web ) 
has been used in place of Boatnehua bteomta (Web ] because &icormc appears congmerio 
with L, armiger (1^ ) Lesne has expressed these same opinions In hJs recent oatSogue: 
Leane P Bentryohioae, in CoUopierormn oatalogua (W. Junk) 10 (IQl). 1038. 
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Fl|^. 36-^6.—3^ Dendrob%€Ua aencana (Loo ), poBtenor half of abdomen, 36. 
Seobtcta tndentata (Horn)p poBtonor half of abdomen 37, S decltna (Leo ), fifth and 
sixth abdominal tersa. 38, S dedmaf pharyngeal fulcrum 39, Xylobtopa taxanua 

» , pMterlor half of abdonien 40, DendrobteUa aeneana, pharyngeal fulcrum 
aerieana, head oapeule, ventral view. 42. Scobtcia btdaiuaia, head oapaule, 
ventral view. 43. XyMnopa taxanua, pharyngeal rulorum. 44 DendrobteUa aencana, 
left mandible, doraaf view 46, D aertcana. tip of abdomen, posterior view, 40, 
Apattdea /orfis, left mandible, dorsal view. All drawings by the author. 
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9. Firet article of antenna robust, bearing many setae (Fig. 16); mentum 

very hairy .... . . 10 

First article of antenna normally developed, with but few setae (Fig. 17); 
mentum sparsely setose; [prothoracio tarsal claw stout (I^Hg. 14)] 

Paoa fTKiciUala (Lee) 

10. Pigmentation on outer face of stipes long, extending about onc-half 

distance from cardo to base of palpiger; submentum bearing many 
long, silky hairs Dexteraiea robuaius (Blanch.) (from South America) 
Pigmentation on outer face of stipes not evident; submentum with fewer, 
shorter hairs, [prothoracic tarsal claw slender (Fig. 15)] 

Polycaon stouh (Lee.) 

Hostnehtnae (coupletf^ 11-20 inc ) 

11 Maxillary mala with freely projecting stylet; mandible with small rod- 

like projection (Fig 46) (Bostrichini) 12 

Maxillary mala without stylet; mandible without rodhke projection 
(Fig. 44) (Xylopcrthini) 16 

12 Terminal setae of prothoracic tibiotarsus subequal in length with claw 

and forming a compact ‘‘bru.sh*' (Fig, 34); epipharyngeal rod short 
(Fig 26); antenna with third article distinct, subequal in length to 
first article (Fig. 24) 13 

Terminal setae of prothoracic tibiotarsus stout, much shorter than claw 
and not forming a “brush’' (Fig 33); epipharyngeal rod long (Fig 
25); antenna with tliird article shorter than first and apparently fused 
with second article (Fig 28) 15 

13. Mandible with outer face dull and with dorsal bulge (Fig. 22, Blg ) 

prominent, gently receding from plane of inner face 

Apaiides forits (Lee.) 

Mandible with outer face shiny and with dorsal bulge not prominent 
(Fig. 23), sharply receding from plane of inner face 14 

14. First article of antenna long, slightly less than one-third total length 

of antenna (Fig 24) Amphtcerus hamatua (F.) 

First article of antenna short, about one-fifth total length of antenna 
(Fig. 29) Amphicerua comiUua (Pallas) 

15. Opening of foramen broad, lateral margins smoothly curved (Kg. 31) 

Ltchenophanea armiger (Lee) 
Opening of foramen narrow, lateral margins nearly straight (Fig. 30) 

Ltchenophanea bicomia (Web.) 

16. Tarsal claw cleft; antenna shorter than maxillary palpus; mandible 

oblique, pointed Dxnapate wrighii Horn 

Tarsal claw simple, antenna longer than maxillary palpus; mandible 
gouge-shaped . .17 

17. Posterior extensions from pharyngeal fulcrum not developed as pig¬ 

mented rods (Fig. 43). 18 
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Posterior extensions from pharyngeal fulcrum developed as pigmented 
rods (Fig. 38) , 10 

18. Claws on second and third pairs of legs pigmented; ecutum and scutel- 

lum of sixth abdominal segment forming a conspicuous transverse 
ridge (Fig. 39). Xylobiopa iexanus (Honi) 

Claws on second and third pairs of legs not pigmented; scutum and 
scutcUum of sixth abdominal segment not forming a conspicuous 
ridge Xylobtops baadlans (Say) 

19. Sixth abdominal segment, doraally, divided into two transverse areas 

(Fig. 36); lateral margins of foramen straight, nearly parallel (Fig. 
42); anal lobes prominent 20 

Sixth abdominal segment, dorsally, divided into three transverse areas 
(Fig. 35); lateral margins of foramen strongly curved (Fig 41); anal 
lobes less prominent (Fig. 45) DendrobieUa aencana (Lee.) 

20. Scutum of sixth abdominal segment prominent (Fig. 36) 

Scobicia btdeniaia (Horn) 

Scutum of sixth abdominal segment not prominent (Fig. 37) 

Scobteta decltvia (Lee.) 

ENTOMOLOGY.— New ichneumon-flies parasitic on the hemlock 
sawfly (Neodiprion tsugae Middleton).^ R. A. Cushman, U. S. 
Bureau of Entomology and Plant Quarantine. (Communicated 
by C. F. W. Muesbbeck.) 

Recent outbreaks of conifer-feeding sawflies of the genera Ihpnon 
and Neodtpnony both introduced and native species, have greatly 
increased the interest in and economic significance of the parasiies of 
such insects. This has resulted in the rearing of large numbers of the 
parasites, many representing undescribed species, for which names 
are desired for use in economic and biological papers. 

This paper consists of the descriptions of eight new species parasitic 
on the hemlock sawfly, Neodtpnon tsugae Middleton, together with 
a few taxonomic and nomenclatorial notes pertinent to the main 
subject. 

Genus Ischnus Gravenhorst 

lachnua Gravenhorst, Ichneumonologica Europaea 1: 038. 1829.—Vicrerk, 
U. S. Nat Mufl. Bull. 83:78 1914. 

Ilabrocryptua ThomBon, Opuscula entomologica, fase, 5: 471, 498. 1873.— 
Schmiedekneeht, Opuscula ichneumonologica, fasc. 7: 502. 1904 

This is the lachnua of the genotype, porrectonua (F.), not the phaeogenine 
genus lachnua of European works To it should be referred the following 
North American species: 


' Received May 20, 1930. 
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iBchnuB amblytelarius (Provancber), n, comb. 

Crypiuft amblyielaTius Provancher, Additions et corrections au volume ii dc 
la faune entomologique du Canada . . . p. 70. 1886. 

Ischnus atrlcollaris (Walsh), n comb. 

Cryi^us QiricoUarxB Walsh, Trans. Si. Louis Acad. Sci. 3: 72. 1873. 

iBchnua polychroaldis (Cushman), n. comb. 

Spilocrypiua polychroaidia Cushman, Proc. U S. Nat. Mus. S3: 461. 1917. 

Ischnus oregonensisi n. sp. 

From the foregoing three species this species is easily distinguished by its 
entirely impunctate abdomen and distinctly convex (in front view) cheeks. 
Also the thorax never has any ferruginous color, although the propodcum is 
rarely partly piceous. 

Female. —Length b-8 mm (holotype 8 mm). 

Head mat; temples strongly reccing, convex; frons with a narrow, shin¬ 
ing, median groove, scrobes also shining; e^es slightly divergent below an¬ 
tennae; cl3rpeus strongly convex, small, shining; cheeks in front view convex; 
molar space as long as basal width of mandible; antenna distinctly shorter 
than body, 31-jointed, slender, filiform, first joint of flagellum nearly 6 
times as long as thick, second only slightly shorter. 

Thorax mat; pronotum mostly stnato-rugulose; mesoscutum, scutellum, 
and pleura minutely punctate, the scutum and pleura confluently so, 
speculum polished; propodcum finely rugulose, dorsal face short, posterior 
face nearly vertical, transverse cannae distinct, apical carina sometimes 
obsolete medially but strong at angles; sides of areolet distinctly convergent 
toward radius, but their upper ends rather widely separated. 

Abdomen granularly mat, impunctate, only the petiole dorsally shining; 
sheath of ovipositor about a half longer than first segment. 

Black, with abdomen and legs ferruginouB, front coxa and sometimes 
others more or less piceous, hind tibia (except base) and tarsus fuscous; 
anterior orbit and short streaks behind and above eye and a triangular spot 
in malar space whitish; labrum whitish; clypeus and mandibles piceous; 
palpi and flagellum fuscous: collar and usually a narrow humeral margin of 
pronotum whitish; tegulae brown; propodeum sometimes more or less red¬ 
dish posteriorly (m holotype there is a streak of this color along median 
portion of apical carina); wings subhyaline, venation black. 

Male .—Length 6-7 mm. 

Much slenderer than female, with propodeum more evenly rounded and 
less precipitous and with weak carinae; genital sheath abruptly veiy slender 
apically. Hoad and thorax copiously white-marked, this color including 
face, clypeus, mandibles, palpi, malar space, broad orbital ring (interrupted 
only behind top of eye), underside of scape, ventral portion of propleuron, 
broad collar and humeral margin of pronotum, median spot on mesoscutum, 
scutellum, tegula, subalar tubercle, spots on lower mesopleuron. meta- 
pleuron and center of propodeum, front and middle coxae and trochanters, 

_1 _ _ A J _11— _Ui—J __L*—J__] 1_1 X_1_X _ 




piceous; wings hy^ne; petiole and apex of abdomen black. 

Hott.—Neodiprion taugae Middleton. 

Type locality .—Sweet Home, Oreg. 
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Holotype, allotype, and para/ypc*.—U.8.N.M. no, 63343. 

Paralypee, —Canadian National Collection; California Academy of Sci¬ 
ences. 

Thirteen females and 18 mal^ {including holotypo female and allotype 
male, a mated pair), all reared at the type locality from Neodiprxon isiLgae 
under N. E. For Ins. Lab no. 51.201, during June and October; 2? and 
6cf' reared from type host at type locality under Hopk. U. 8 nos 31607-8, 
31660-F, and 18876-F, during May, August, and September; 1 9 and Ic?, 
West Yellowstone, Mont., from sawfly on lodge-pole pine, Hopk. U, S 
nos. 18088-r, Aug. 13, 1926 ( 9 ), 18088-E, 1925 (d*),and Id*, West Yellow¬ 
stone, Mont, Hopk. U. 8. no. 17243-B, April 9, 1925. 

Spilocryptus neodiprionis, n. sp. 

From fspilocrypiUH lophyri (Norton), which is also parasitic on species of 
the ^nuR Neodtprum, tfds species can be distinguished at once, in the female, 
by the entire lack of yellow markings on the head and thorax, and in the 
male by the black face and orbita, only the clypeus and mandibles being 
white, whereas in lophyrt the orbits, and in the male, usually the middle of 
the face, are white-marked. 

Female —Length 5.6-8 mm (hoIot 3 rpe 8 mm). 

Head mat, face densely and postvertex more sparsely punctate, frons 
medially rugulosc, lower cheeks polished; temples very strongly receding, 
weakly convex; clypeus strongly convex, shining; malar apace about as 
long as basal width of mandible; antenna three-fourths as long as body, 
26- to 27-jointed, slender, filiform, first joint of flagellum six times as long 
08 thick at apex, subapical joints definitely longer than thick. 

Thorax dorsally shining, mcHOthorax densely and finely punctate and scu- 
tellum sparsely so; pronotum inoHlly striate; mesopleuron and metapleuron 
finely rugulose, mat, sternum shining, finely punctate; propodeum more 
coarsely rugulose than pleura; apical carina rather prominent laterally, 
broadly interrupted medially; sides of areolet Rlightly convergent, recurrent 
at or shghtly beyond middle of areolet 

Abdomen very minutely coriaceous, with minute scattered punctures on 
basal tergites and with rather dense and very fine oppressed silvery pubes¬ 
cence; first tergite impunctate and glabrous dorsally, the petiole polished; 
sheath of ovipositor barely longer than first segment 

Black, with basal three abdominal segments and legs ferruginous; a 
median spot on tergite 7 and usually an incomplete annulus centering on 
fi^ellar joints 7-8 white; antenna reddish fuscous, scape redder; tcgulae 
piceous; hind femur apically and tibia dorsally blackish; wings subhyaline, 
venation black. 

Male ,—Length 5 5-7 mm. 

More slender than female and with propodeum more evenly rounded be¬ 
cause of much weaker apical carina; clypeus. mandibles, palpi, and tegulae 
whitish; antenna without trace of annulus; legs paler, especially front and 
middle coxae and trochanters and joints 2-4 of hind tarsus, the tarsus other¬ 
wise darker than in female; tergito 4 and 6 also ferruginous, some or all of 
the red tergites frequently more or less spotted or banded at base with black ; 
tergite 7 without white spot. 

Host,—Neodipnon teugo/e Middleton. 
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Type locality ,—Sweet Home, Oreg. 

Holotype, cdlotype, and paratypea. —U.S.N.M. no. 63344 

Paraiypea .—Canadian National Collection; California Academy of Sci¬ 
ences. 

Described from 27 females and 29 males all reared from the host in April, 
May, June, and October 1936, under N. £ For. Ins. I^b. no. 61 201. 
Included are five mated pairs, identified by the added number 36.2, of which 
the holotype female and allotype male are one pair. 

Unlike most species of the genus, this lacks the conspicuous white annulus 
at the base of the hind tibia. 

Aptesis (Pezoporus) tsugae, n. up. 

Unusual in the form of the areolet, which is nearly parallel-sided. 

Female ,—Length .*>-8 5 mm (holotype 8.5 mm). 

Head narrower than thorax, finely coriaceous, somewhat shining; temples 
convex, receding; vertex and frons medially grooved; scrobes shallow, sub- 
polished; eyes divergent below, antennae not far above inferior tangent of 
eyes; face with a small, round, median elevation; clypeus small, strongly con¬ 
vex, apicaily truncate; malar space as long as basal width of mandible; an¬ 
tenna about two-thirds os long as body, stout filiform, 25- to 27-jointed, 
first joint of flagellum slightly shorter than second and about two and a 
half times as long as thick. 

Thorax stout; pronotum mat, finely striato-coriaccous, mcsoscutum shin¬ 
ing and faintly punctate laterally, densely and finely punctate medially, 
notaulices fine and distinct anteriorly, scutollum polished, sparsely punctate; 
mesopleuron shining, indefinitely coriaceous and sparsely and weakly punc¬ 
tate, fovea very deep; sternum shining and sparsely punctate; metapleuron 
mat, finely coriaceous; propodcum short dorsally, precipitous and concave 
posteriorly, basal area and areola confluent, basal canna obsolete, apical 
strong, basal lateral and pctiolar areas coriaceous, surface elsewhere rugu- 
lose; logs moderately stout, areolet nearly parallel-sided, second intorcubitus 
mostly bullatc, second recurrent slightly before middle of areolet; nervulus 
slightly poHtfurcal, postnorvulus broken nearly at middle, ncrvcllus broken 
near bottom and strongly mclivous. 

Abdomen broad, coriaceous, mat; sheath of ovipositor about as long as 
first segment 

Black; inner orbits, a more or less definite incomplete annulus on flagellar 
joints 7-9, tegulae, wing radices, and a more or less distinct line on humeral 
margin of pronotum white or whitish; face medially, and clypeus and 
mandibles more or less, reddish; antenna apicaily and ventrolly reddish; 
thorax black, sometimes piceous or ferruginous laterally and ventrolly; legs 
ferruginous, wings hyaline, venation blackish, abdomen normally black, 
with reddish tinge, especially at apices of tergites, but frequently more 
definitely reddish especially on tergites 1-3. 

Male, —I.rength 5 6-7 mm (allotype 6,5 mm). 

Much more slender than female, with antenna tapering and nearly as 
long as body, joint 1 of flagellum distinctly longer than 2 and three times as 
long as thick; malar space much shorter than basal width of mandible; 
eyes parallel; antenna not far below middle of eye; propodeum longer above 
and shorter behind, with petiolar area more sloping and more weakly 
concave. 
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Ck)lor as in female, but with less tendency to red on thorax and abdomen; 
antennae entirely black; white markings more extensive, including face, 
clypeus, mandibles, palpi, and front and middle coxae and trochanters; 
hind coxa and trochanter piceous, apically whitish; hmd tibia apically and 
tarsus blackish. 

Host.—Neodtprton isugae Middleton. 

Type locality —Sweet Home, Oreg 

Uolotype^ allotype, and parotypes —U.S N M no .53345 

Paratypes. —Canadian National Collection, California Academy of Sci¬ 
ences. 

Thirty-six females and 33 males, all from the typo locality and all roared 
from Neodtprton tsugae, 30 females and 31 males under N E For Ins I^ab 
no 51 201. Included in this senes are five mated pairs, of which the holo- 
type female and allotype male are one pair The other 6 females and 2 
males were reared under Hopk U S nos 31607-204, 31660-V, 31660-Q, 
and 31075-V 


Genus Thysiotorus Foerster 

In his Type species of the genera of tcJineumon Vioreck designated, as 
the type of Thysiotorus Foerster, Hemiteles {Physiotorus) brevtpennts 
Bnschke, assuming Drischke’s spelling of the subgencric name to be a 
typographical error. 

The genus was originally charactenzed only by the few characters leading 
to it in Foerster's key to his family Phygadeuontoidae, and no species was 
assigned to it The first couplet in the key definitely excludes Dnschke’s 
two species from Thysiotorus, for they are desenbed as having the wings 
short, and quite obviously would run not to Thysiotorus but to Phyrtus, 
and one wonders if the name Physiotorus was not a lapsus for Phyrtus on 
the part of Bnschke rather than a printer's error m the spelling of Thysi¬ 
otorus In any event, it is obvious that neither of the two species referred to 
Physiotorus by Bnschke can properly serve as genoty]>c of Thysiotorus. 

The next inclusion of a species m Thysiotorus was by Viereck,* who re¬ 
ferred Mesoleptust peregnnus Cresson to the genus. I have already shown* 
that this species can not be accepted as the genotype, since it disagrees 
with the original description of the genus. 

In Foerster's key Thysiotorus is grouped with Panargyrops and Apsthps 
(as though their author considered them related) on three characters; Long, 
slender, basal joints of flagellum, silky-haired face, and long deep notaulices. 
By these same three characters with others, Thomson charactenzed his 
genus Lejdocryptus,^ including in it daviger Taschenberg, properly desig¬ 
nated by Viercck as genotype of Panargyrops and of the synonymous 

> U. 8. Nat. Mub. BuU. 83; 146 1914 

* Proo U 8. Nat. Mub. 42: 646. 1912. 

58:268, 260. 1920. 

• OpuBOula entomologioa, faso. 10: 063-960. 1884. 
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Leptocrypius, Also included in Lepioerypiua is L. lamina Thomson, which 
agrees perfectly with the published description and also with Foerster's 
detailed unpublished description of Thysioiorus. I have already^ referred 
lamina Thomson and mithi Cushman doubtfully and Meaoleptua iriangu- 
larta Cresson positively* to Thyatoionia, and I am now convinced that they 
are properly to be referred to the genus Viereck^ apparently had no such 
doubt with regard to amtihi, for he definitely referred it to Thyaioloru8f 
thereby making it the first species properly so referred. 

The following alterations to Viereck's genotype catalogue are therefore 
proposed: 

Fhyaxotorua Brischke (not Thyaiotorua Foerster) 

Schrift Naturf Ges Danzig 7 (n.f.): 71. 1891. Two species 

Type —Hemiielea (PhyRiotorua) brevipennia Brischke (by designation of 
Vioreck, U. S Nat. Mus Bull. 83:110. 1914). 

Thytnoiorua (Foerster) Viereck 

Verb Naiurh. Vcr. Preuss. Rheinlande 25: 81. 1808 No species. 

Can Ent 57:77 1925. One species 

Type—{Thysioioraa ^ smithx Cnshman)^^ (Meaoleptua) Thyatotorua in- 
angularia (Cresson), new synonymy. By present designation, //mt- 
telea (Phyatoiorua) brevipennu Brischke (by designation of Viereck, 
U. S. Nat. Mus. Bull 83: 145. 1914) does not agree with original 
description and is therefore not available as genotype. 

The above entnes should replace the earlier emendations to the type 
catalogue proposed by me^ under the headings **Thy8iolorus Brischke, not 
Foerster” and **Thyatotoru8 Foerster.” 

The following is a free translation of Foerster's manuscript description: 

Thysiotohub Foerster 

Clypeus weakly separated from face, flat, rounded at apex and trans¬ 
versely impressed, without apical denticles, but slightly projecting medially; 
face and clypeus covered with long silky hair; clypeal foveae and malar 
space with much denser hairs, these hairs curved—not long, straight, and 
weak as those on the face and clypeus; teeth of mandible of equal len^; 
first joint of flagellum longer than second j mesoscutum with notauhcea deep 
and complete; propodcum with long hair, completely areolated; first ab¬ 
dominal segment slender, little broadened toward apex, fringed latcrallv 
by long erect hair, spiracles slightly behind middle; second segment with 
th 3 rridia far from base, spiracles behind middle; nervellus not broken; sec¬ 
ond discoidal cell a little or distinctly broader at base than the brochi^ cell 
at apex; discocubitus broken; hind calcaria less than one-third as long as 
basitarsus; fifth tarsal joint somewhat shorter than third. 

Following the description in Foerster's manuscript is a key to nine manu¬ 
script species. 

Thjaiotorua latifrons, n. sp. 

Similar to iriangularta (Cresson), but with smaller eyes, broader face, 
longer malar space, more shining propodeum, and open areolet. 

• Proo. U. 8. Nat Mus. 74 (16): 68. 1927. 

'Can. Ent. 57: 77. 1926. 
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Female .—Length 5.5 mm, antenna 4 mm. 

Head with dense silvery pubescence, longest on face and sides of frons, 
combined face and clypeus as broad as long; eyes very slightly convergent; 
clypeus convex, transversely impressed before the bidenticidate apex, foveae 
covered by tufts of long curv^ hairs; malar space two-thirds as long as 
basal width of mandible; temple convex, stron^y receding, two-thirds as 
long (in dorsal view) as short disimeter of eye; diameter of lateral ocellus 
longer than postocellar line and nearly as long as ocellocular line; antenna 
26Hointed. 

Thorax shining, with long silvery pubescence; pronotum laterally largely 
polished and gl^rous, as is also a large area on mesopleuron embracing 
speculum and a deep, oblique impression, propodeum shining, especially 
medially, where it is virtually hairless, apical carina nearly at middle of 
dorsal length, areola large with costiilae far before middle; areolet open at 
apex, the second intercubitus barely indicated 

Abdomen elongate fusiform, widest at apex of third segment; first terete 
scarcely twice as broad at apex as at base, spiracles barely behind middle, 
postpetiole laterally stnate; tergites 2 and 3 longitudinally striate, polished 
apically, polished areas longer medially, other tergites, except finely punc¬ 
tate base of 4, unsculptured; ovipositor sheath about as long as first segment. 

Black; mandibles reddish; palpi, scape below, front and middle legs, 
tegulae, and small humeral angles of pronotum straminoous to whitish, 
tergites pale reddish stramineous apically, 2 to 4 triangularly so; front tarsus 
apically and middle tarsus except base black; hind coxa, trochanter, and 
femur brownish ferruginous to piccous, coxa and trochanter stramin^us 
below; hind tibia fuscous, paler below; tarsus black, calcaria pale; wings 
hyaline, venation blackish, stigma pale at base. 

Male .—More slender than female but otherwise very similar structurally; 
hind coxa and trochanter stramineous, hind femur somewhat paler, pale 
markings of abdomen larger, those of tergites 2-4 sometimes extending to 
base medially. 

Host.—Neodtpnon tsugae Middleton (probably secondary). 

Type loccdtiy —Sweet Home, Oreg. 

Holi)iype, allotype^ and paralypes —U S N M no 53346 

f'arafypes—Canadian National Collection; Cahforma Academy of Sci¬ 
ences. 

Described from 50 females (including holotype) and 16 males (including 
allotype), all reared from cocoons of Neodipnon tsugae Middleton, undoubt¬ 
edly as secondary parasites, partly at the type locality by R. L. Furniss, 
under Hopk. U. S no. 316000, and partly at the Northeastern Forest 
Insect Laboratory, New Haven, Conn., under no. 51-201-35, from cocoons 
of N. tsugae received from Sweet Home, Oreg. 

PanargyropB areolaris, n. sp. 

Closely related to itbtalta Cushman, but ^nerally stouter, with post- 
petiole nearly or quite twice as broad as petiole and second tei^te much 
leas than thr^ times as long as basal width; clypeus nearly or quite as long 
as face is medially; propodeal areola very large, broader than long, with 
sides parallel; and ovipositor distinctly less than three-fourths as long as 
abdomen. 
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Female--Ijength 6-8 mm (holotype 8 mm). 

Head thick, occiput shallowly concave; temples hardly receding; diameter 
of lateral ocoIIuh as long os postocellar lino and half as long as ocellocular 
line, eyoH parallel, face twice as broad as long, hardly longer medially than 
clypeuH, malar space more than half as long as basal width of mandible, 
clypeal denticles distinct and rather widely separated; eyes somewhat 
bulging, antenna as long as abdomen, 29-jomted in holotype 

Thorax rather stout, much less than twice as long as deep, polished, very 
faintly punctate; pronotum not striate below, epomia distinct nearly to 
ventral angle; mesoscutum nearly circular, os broad as long; propodeal 
areola very large, slightly broader than long. 

Abdomen slender, minutely punctate, postpctiole nearly twice as broad 
at apex as p<diole, medially channeled, second tergite less than three times 
(Ls long as basal width, third about as long as bniad; ovipositor sheath little 
more than half as long as abdomen 

Block, pubescence with silvery reflection; scape below, mandibles, palpi, 
Icgiilae, and radices of wings white, humeral angle of pronotum p^e red¬ 
dish; legs reddish testaceous to ferruginous, hind leg darkest, front coxa and 
front and middle trochanters whitish, hind tibia mostly fuscous, its tarsus 
block, calcaria pale; abdomen with apical tergites very narrowly pale mar¬ 
gined, venter whitish with piceous sternites 

Male - Differs remarkably from female in both structure and color, eyes 
distinctly convergent below; face two>ihirds as long as broad; malar space 
very short, abdomen very slender, postpctiole only a little broader than 
jietiole, tergite 2 fully three times as long as basal width, its sides weakly 
divergent; tergite 3 much longer than broad; hind coxa and trochanter 
ventrally whitish; abdomen with a median pattern of reddish involving apex 
of tergite 1, apex or entire length of tergite 2, and entire lengths of 3 and 4, 
and broadening at apices of tergites 2-4 to embrace nearly or quite the entire 
width of the tergites, tergites 3-4 sometimes entirely reddish 

Hotii —Neodiprion tsiigae Middleton (probably secondary). 

Type locality- vet Home, Oreg 

Holotypcj allotype, and paraiypes ,—TJ 8 N M No 53347, 

Faratypes —Canadian National Collection, California Academy of Sci¬ 
ences 

Twenty-four females and 7 males, two of the females reared at the type 
locality by R L Funuss, September 16-17, 1935, under Hopk. no 31660Q; 
the rest, including the holotype female and allotype male, reared from host 
cocoons from the same locality, at the Northeastern Forest Insect Labora¬ 
tory, under no 51-201-36-2 in Oct 1936 and May and June 1937 

The antigeny m this species is very unusual—so far as the observation of 
the author goes, unique— for the genus Also unusual is the frequent lack, 
especially in the male, of the second intercubital vein, resulting in an open 
areolet 

Delomerlata d^irionis, n. sp. 

A stouter species than novita (Cresson), with the thorax nearly two-thu*ds 
as deep as long, the propodeal areola fully as broad as long, and the abdo¬ 
men broader, with the second tergite not longer than its basal width. In 
aovita the thorax is nearly twice as long as deep, the areola longer than broad, 
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and the second tergite longer than the basal width In diprionts the ovi¬ 
positor sheath is hardly half as long as the abdomen and the apex of the ovi¬ 
positor is very bluntly pointed, whereas in nonia the sheatn is distinctly 
more than half as long as the abdomen and the ovifjosilor ls acute at the 
apex. 

Female —(Holotype) Length 10 mm, antenna 8 mm, ovipositor sheath 
3 mm. 

Head polished, sparsely and weakly punctate, except on face, which is 
coarsely punctate and mat, in dorsal view with tiunph's convexly receding, 
about two-thirds as long as short diameter of eye; face medially stnmgly 
convex; cl)rpeus about twice as broad as medially long; malar space nearly 
half as long as basal width of mandible. 

Thorax stout, nearly two-thirds as deep as long, polished, sparsely and 
minutely punctate; propodeum short, posterior faee longer than dorsal face, 
basal lateral areas and areola polished and at, most sparsely punctate, 
posterior faee finely coriaceous and mat, other areas more eoarsely punctate 

Legs stout, hind eoxa a little longer than de<»p, femur about four times as 
long as dcH'p, tibia distinctly shorter than (‘ombiiK^d lengths of femur and 
trochanter 

Abdomen minutely ruguloso-coriact*ous, mat, first tergite more roughly 
sculptured; broad, second tergite as broad at base as long; ovipositor sheath 
barely half as long as abdomen; ovipositor m profile bluntly pointed. 

Color, aa m novita, black, with mandibles, malar space, palpi, humeral 
angle of pronotum, tegulae, radices of wings, and membranous margins 
of lergites 5-7 whitish, elyf>euH and occasionally facial orbits picooiis; legs 
ferniginous; apex of front eoxa, trochanter and femur anteriorly and 
apically, middle trochanter and f(‘mur apically, front and middle tibiae, 
except a bosally incomplete pieeous streak on the extensor surface of each, 
hind tibia at base and usually mon* or less below, and a narrow basal 
annulus on basitarsus whitish, front coxa pieeous; front and middle tarsi 
fuscous, hind femur at apex, and hind tibia and tarsus except while mark¬ 
ings, black; wings hyaline, venation black, stigma with a small white spot 
at base; apex of ovipositor sheath reddish 

Male for smaller size, more slender build, and shorter malar 

space, differs from female largely in greater extent of white, this including 
faee, underside of scape, clyiieus, entire front and middle coxae and Iro- 
chaiiters and hind trochanter, and front and middle femora except 
jiosteriorly. 

Host. —Various species of Dipnon and Neodiprion 

Type locality —Oakville, Ontario. 

HolotypCf allotype, and paralypes —U S N M no. 19180 

Paratypea, —Canadian National Collection, Boston Society of Natural 
History, Connecticut Agricultural Experiment Station, Entomological 
Laboratory, Maine Forest Service, Augusta, Maine; Califorma Academy of 
Sciences. 

Described from 38 females and 27 males selected from several scricH reared 
from vanous species of the sawfly genera Dipnon and Neodipnon and a 
few collected specimens as follows' 9 9 and ief, Oakville, Ontario, reared, 
evidently indoors, January 1-19, 1934, from Dipnon simile (Hartig), in¬ 
cluding holotype and allotype: 3 9 and 6cf, New Haven, Conn., reared 



400 JOURNAL or THE WABHINQTON ACADEUT OF ECIENCEB VOL. 20, NO. 0 


Apnl 29-May 21 from D. simile by M. P. Zappe; 1 9, Dublin, N. H., 
reared (indoors) January 15, 1938, from D. polyionum (Hartig) under N. E. 
Forest Insect Laboratory no. 11.203-37-22 ; 5 9 and 10 cf* Sweet Home, 
Oreg., under N. E. For. Ins. Lab. no. 51-201, April 14-June 21, 1936, from 
Neodx'pnon ieixgcte Middleton; 4 9 and 3cf i Sweet Home, Oreg., June 20- 
July 19, 1935, also from Neodtprton iaugoe Middleton, under Hopk. no. 
31607 P; 2 9 and Icf from the same host. Queen Charlotte Island, British 
Columbia, April 6, 1031, and March 21 and April 26, 1932, G. R. Hopping; 
8 9 and 2cf, Lincoln, Maine, May 26-June 5, 1932, from Neodiprion sp. on 
Pxnus rigxda and Ptnus reetnosa; 1 9, Mont. Laurior, Quebec, December 6, 
1929, Neodtprton sp. on Ptnus bankatanOf M. Dunn; 1 9, Pictured Rooks, 
Mumsing, Mich., August 2, 1936, C. W. Sabrosky; 3 9, Cranmoor, Wis., 
June 25, 1910, C. W, Hooker; 1 9, Pullman, Wash., August 11, 1896, C. V. 
Piper; 1 cf, Moscow, Idaho, May 30, 1912, J M. Aldnch 
There is considerable variation in size, partly associated with size of the 
host, specimens from Dtpnon stmtle averaging largest and those from 
Neodtprton tsugae smallest, females ranging in length from 6 to 11 mm, 
and males from 6 to 10 mm. The comparative width of the abdomen, espe¬ 
cially in the female, and the strength of the propodeal carinae also exhibit 
considerable variation 


Genus Lamachus Foerster 

To this genus arc here assigned those species, otherwise very close to 
Mesoletus both morphologically and biologically, that posset the alar 
areolet and have the clypeus without a median elevation, but nearly flat, 
at most shallowly omargmate apicaily and with a narrow reflexed margin. 
All the species here treated differ from the genotype, lophyrorum (Hartig), 
by having the speculum more or less polished. Like the genotype, all are 
pai;asitic in larvae of sawflics of the subfamily Diprioiunae 
The following North American species are referable to the genua as here 
limited: 

Lamachus lophyri (Ashmead), n. comb. 

Neoeryma lophyrt Ashmead, Proc, Ent. Soc. Washington 4: 169. 1897. 

Lamachus vlrglnianus (Rohwer), n. comb. 

Lagarotts vtrgtntanus Rohwer, Proe. U. S. Nat, Mus 49: 218. 1915. 

Lamachus rufleomis (Cushman), n. comb. 

Labroseyta ruficoxalts Cushman, Proc. Ent. Soc. Washington 21: 118. 1919, 

Lamachus contortionis Davis 

Lamachus ? contortioms Davis, Trans. Amer. Ent. Soc. 24: 284. 1897. 
Lagarotts dtprtont Rohwer, Proc U. S. Nat. Mus. 49: 215. 1916, New 
synonymy. 
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Lamachus tsugaei n sp. 

A black species with unusually few and small pale markings. 

demote.—Length (holotype) 6 mm, antenna 5.5 mm. 

Head mat, alutaceous, only temples shining; temples strongly convex; 
postocellar line little longer than ocellocular line and hardly a half longer 
than diameter of an ocellus; face sparsely and finely punctate, nearly as 
broad as eye is long: eyes parallel, very faintly emarnnate opposite an¬ 
tennae; clypeus fully half as long as intorfovoal Hue; miJar space much leas 
than hfdf as long as basal width of mandible, antenna 35-jomted. 

Thorax stout, hardly a half longer than deep, finely alutaceous and 
sparsely punctate later^ly and ventrally, subpolished and sparsely punctate 
dorsally, speculum polished; notaulices shallow but distinct to a flattened 
area on disk of mesoscutum; propodeum finely alutaceous, shining basally, 
mat apically, with faintly indicated lateral cannae, but without m^ian and 
apical carinao; legs rather slender, hind femur nearly six times oh long as 
deep 

Abdomen stout, tergite 1 distinctly broader at apex than distance from 
spiracle to apex and more than half os broad basally as apically, tergite 2 
broader at base than long; abdomen alutaceous, mat, impunctat c, compressed 
at apex. 

Black, with the following markings yellow: Triangular spots in lower 
facial orbits and occasionally more or less of middle area of face, clypeus, 
cheeks narrowly, mouthparts, collar narrowly and more or less of lower 
anterior margin and humeral angle of pronotum, sometim^ small spots at 
origins of notaulices, usually very narrow margins of tergites, and ventral 
plica; antenna black, faintly reddish below; scutcllum and postscutollum 
sometimes picoous and rarely yellowish medially, legs ferruginous, front and 
middle coxae and trochanters usually more or less stramineous anteriorly, 
hind knee, apical third or more of tibia, and entire tarsus black, tibia basally 
white; wings hyaline, venation black, stigma slightly paler 

jlfafe.—More slender than female but otherwise very similar stmcturally; 
face yellow for its entire width and nearly up to antennal foramina, upper 
margin of yellow made uneven by three points of black extending into it 
from above; prcpectus medially yellow and sometimes one or more streaks 
of yellow extend backward from it on sternum and lower part of plcurum 

HqbU—N eodiprion Uugae Middleton. 

Type locality.—Sweet Home, Oreg 

Holoiype, aUotype, and paralypee —U.S.N.M. no. 53348. 

Parotypea .—Canadian National Collection; California Academy of Sci¬ 
ences. 

Described from 19 females and 7 males, all from cocoons of the host col¬ 
lected by R. L. Fumiss at the type locality but mostly reared at the North¬ 
eastern Forest Insect Laboratory under no. 61.201.36 2. A few were reared 
by the ooUeotor under Hopkins U. S. no. 31607T. 

Lamachus Oregon, n. sp. 

Similar to ruficoxalia (Cushman), but with entire face, broad frontal 
orbits, mesostemum largely, and front and middle coxae and trochanters 
yellow. 

Female .—Length 7.0 mm, antennae (broken). 



402 JOURNAL OF THK WABHINOTON ACADEMY OF SCIENCES VOL. 29 , NO. 0 


Head alutaoeous, mat, temploa Romewhat shining, moderately convex and 
receding; postocellar line and diameter of an ocellus equal, slightly shorter 
than ocellocular line; face medially sparsely punctate, hardly as broad as 
eye IS long; eyes parallel, faintly emargtnate; clypeus naif as long as inter- 
foveal line; malar space nearly half as long as basal width of mandible. 

Thorax hardly a half longer than deep, finely alutaceous and weakly shining 
laterally, polished dorsally, speculum polished, mesoscutum very finely, 
pleura more coarsely, punctate; notaulices faint; propodeum finely, granu- 
larly mat medially and apically, basal lateral areas somewhat shining and 
shallowly punctate; only lateral carinae distinct; legs moderately stout, 
hind femur loss than six times as long as deep. 

Abdomen rather slender; first tergite less than half as broad basally as 
apically and hardly broader at apex than distance from spiracles to apex, 
with a median sulcus on postpetiole fianked by prominent, postenorly di¬ 
vergent ridges, torgite 2 hardly a.s broad at base as long; abdomen alutaceous 
and almost mat, impimctatc, compre^saed apically 

Head and thorax black and yellow, abdomen and legs largely ferrumnous; 
yellow are the face, broad frontal orbits, checks and malar space, clypeus, 
mandibles, palpi, underside of scape and pedicel, anterior margin and 
humeral angles of pronotum, large cuni^iforni spots on mesoscutum, scutel- 
luni largely, postscutellura, tegulac, subalar tubercles, fKistenor margin of 
prepeetiis, incKosteniurn largely, rn(*8ometaplcural suture, front and middle 
coxae and trochanters and the extensor surfaces of their tibiae, basal half 
of hind tibia, and ventral plica including hypopygium, tergite 1 black, with 
broad apical margin extending laterally to include spiracles fcrnigmous, 
median cannae near base yellowish; apical half of hind tibia and its tarsus 
black, flagellum black above, reddish below; wings hyaline, venation black 
Male — Similar to female, but malar space shorter, postocellar line longer 
than ocellocular line or than diameter of ocellus, the latter two equal, ab- 
ilomon more slender; yellow markings, especially on thorax, more extensive, 
WMth pronotum largely, mesosternum, prepeetus and lower half or more of 
mesoph'uron, nu'taplcuron largely, ana sometimes part of pleural area of 
propodeum yellow, mesoscutal markings frequently extending backward 
along notaulices and meeting on disk; black of thorax and abdomen fre¬ 
quently more or less, and sometimes entirely, replaced by ferruginous. An¬ 
tenna with :i5-36 joints 

Host —Neod^prton tsugae Middleton 

Type locality -Sweet Home, Oreg 

Holoiype, attotypCf and paralypes —U 8 N M no. 63349. 

Paralypes —Canadian National Collection; Califorma Academy of Sci¬ 
ences. 

One female and 16 males, all reared at the Northeastern Forest Insect 
Laboratory from cocoons of the host collected at the type locality, under 
nos 51.201.36 2 (June 14, 1937) and 51.201.35 (June 17, 1936). The holo- 
type female and allotype mole are selected from the first-mentioned senes. 

The males vary greatly in color, as stated above, and from 4 to 8 mm in 
length 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

THE ACADEMY 

NEW MEMBERS ELECTED 

The following wore roccntly eloctod to active resident membership in the 
Academy; 

Harry G. Barber, associate entomologist, U S Bureau of Entomology 
and Plant Quarantine, in recognition of his work on the taxonomy and 
biology of the Hemiptera. 

Luther A. Black, professor of bacteriology, University of Maryland, m 
recognition of his researches m dairy and food bactenology, especially the 
physiology of bacteria and thermophilic bacteria 
Juan Brewer Demaree, senior pathologist, U S Bureau of Plant In¬ 
dustry, m recognition of hia contributions on the diseases of nut trees and 
small fruits 

William W Diehl, associate mycologist, U S. Bureau of Plant Indus¬ 
try, in recognition of his work on the taxonomy of fungi, particularly the 
Ascomycetes 

Adolph Fuchhorn, superintendent in charge. Animal Disease Station, 
U. S. Bureau of Animal Industry, Beltsville, Md , in recognition of his con¬ 
tributions to veterinary science and comparative pathology 
Chester W Emmons, senior mycologist, National Institute of Health, 
in recognition of his contributions to systematic mycology and in particular 
hiB researches on fungi pathogenic to man 
Ira N Gabrielbon, chief, U H, Bureau of Biological Survey, in recogni¬ 
tion of his accomplishments in biological research, especially his work on the 
distribution and economic importance of birds and rodents 

Anna E. Jenkins, associate mycologist, U. S. Bureau of Plant Industry, 
in recognition of her contributions to taxonomic mycology and in particular 
her researches on the orders Myriangiales and Exoascalow 

Edmund B. Lambert, pathologist, U S Bureau of Plant Industry, in 
recognition of his work on the culture and diseases of mushroomfl. 

Hans Lineweaver, chemist, U S. Bureau of Agricultural Chemistry and 
Engineering, in recognition of his work in biochemistry 

John H. Martin, senior agronomist, U S Bureau of Plant Industry, in 
recognition of his investigations in the genetics of sorghum. 

John B Mertie, jr., senior geologist, U S Geological Survey, in recog¬ 
nition of his work on the geology of Alaska 
Mark L Nichols, acting chief. Division of Research, U. S. Soil Conser¬ 
vation Service, in rccogmtion of his researches in soil physics relating to till¬ 
age machinery and hia contributions to improved soil conservation practice. 

Dorothy Nickerson, color technologist, U. S. Bureau of Agncultural 
Elconomics, in recognition of her contributions to optics, particularly to the 
colorimetne grading of agricultural products, 

Francis Wilton Reicheldebfer, chief, U. S. Weather Bureau, in recog¬ 
nition of his work on the development of aeronautical meteorology and air 
mass analysis. 

John A. Scherrer, chemist. National Bureau of Standards, in recogni¬ 
tion of his work on the development of methods in the chemical anal3n3iH of 
nonferrous materials. 
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Joseph F. ^ileb, director, Army Medical School, in recognition of his 
achievements in the fields of samtation and hygiene, and partioularly for his 
work on the transmission of dengue fever and the prevention of typhoid 
fever. 

Maubice I. Smith, principal pharmacologist. National Institute^ of 
Health, in recognition of his researches in drug and vitamin standardisation, 
partioularly his contributions on the pharmacology of phenol esters and the 
toxicology of selenium 

Eable 0. Whittibb, senior chemist, U. S. Bureau of Dairy Industry, in 
recognition of his researches on the chemistry of milk, particularly its buffer 
action. 

The following were recently elected to active nonresident membership in 
the Academy: 

Wai.tbb J. Youno, bead of the Department of Psychology and Philoso¬ 
phy, Mary Washington College, Fredericksburg, Va., in recognition of his 
researches m psychology, philosophy, and education. 

The following were recently elected to honorary membership in the 
Academy: 

Geobues Pebbieb, Major General Retired, formerly chief, Division of 
Geodesy of the French Army, Pans, France, in recognition of his contribu¬ 
tions in the field of geodesy. 

Peobo Sanches, director, Pan American Institute of Geography and 
History, Tacubya, D. F., Mexico, in recognition of his cooperation with 
the United States Government in the field of geodesy. 

Edwabd Rhodes Btttt, Rear Admiral, U. S. Navy (retired), Washington. 
D. C., in recognition of his achievements in the fields of baoteriolo^ ana 
animal parasitology and partioularly his contributions to tropical m^cine. 
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GEOCHEMISTRY .—The radium content of an ocean-bottom core.^ 
C. S. PioaoT and W. D. Urry, Geophysical Laboratory, Car¬ 
negie Institution of Washington. 

The data in the literature on the radium content of ocean-bottom 
sediments have been sununarized by C. S. Piggot in connection with 
the presentation of the radium determinations made by him on 28 
samples secured by the Carnegie on her last cruise.* With two or three 
exceptions, all the samples, including the Carnegie suite, were obtained 
from the surface of the ocean bottom or at a depth of only a few cen¬ 
timeters. It is obvious that a detailed radioactive study of material 
extending to greater depths is necessary in order to discover the 
mechanism by which the high concentration of radium was produced 
and in order to evaluate its geological significance. 

The apparatus to secure core samples from the ocean bottom, de¬ 
veloped primarily to fill this demand, has been fully described in 
previous publications.’ Several cores obtained with this apparatus 
have been examined lithologicaUy and chemically in detail,’ so that 
they can now be sampled for radium determinations in such a manner 
as to facilitate the interpretation of the results. 

DESCdiFTION OF THE CORE 

A radium analysis of core No. 3, which was obtained by Piggot 
aboard the Western Union Cable Ship Lord Kelvin in 1936, has now 
been completed. The core was taken at a position roughly east of 
Halifax, Nova Scotia, off the Newfoundland Banks, and is 2.85 
meters long.’ It differs entirely from the rest of the suite taken across 
the Atlantic Ocean in exhibiting no characteristic alternating zones 
of sediments deposited in warm and in cold water. The volcanic 
shards are scarce throu gh out the length of the core and show little 

' Received September 20, 1039 

' PiGUOT, C. A Amer Journ Soi 25:220 1983 

' PioooT, C. S. Bull. Geol. Soo Amer 47 : 676. 1936$ Proc. Amer Phil 8oo. 
79 : 36. 1938. 

< This ezaminetion of the Atlantic suite of cores has been carried out by the U S 
Qedqgloal Survey. U. 8 Geol. 8urv. Prof Paper. (In Preea) 

' PioooT, C. 8. Core lamvlei of tkt Oeean-hoUovt and tkett ngntfieenco, Bel 
Monthly 47: 201. 1938. 
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to no variation in concentration.' Core No. 3, in all its major aspects, 
is of very uniform composition both lithologically and chemically. 
It consists of roughly 50 percent calcium carbonate and 50 percent 
clay and silt and exhibits a somewhat higher clay content in three 
places, although the only major departure from uniformity is a thin 
band of silt at about 15 cm from the bottom.^ 

METHOD OF RADIUM DETERMINATION 

The radium is determined by measuring the ionization current 
due to the disintegration of the radon in equilibrium with the radium 
and comparing it with the ionization current sustained by the radon 
from a known amount of radium. Recent developments in the tech¬ 
nique of this method are discussed by Urry.* The present apparatus, 
which was constructed for obtaining precision, convenience, and speed 
in the radium determinations, with samples as small as 1 gram in 
weight, contains a compensating chamber system as described by 
Urry but differs in several important respects from the earlier ap¬ 
paratus. It will be fully described in a subsequent paper. The ioniza¬ 
tion current is recorded automatically by the use of a Lutz elec¬ 
trometer operating in the second manner of measurement previously 
described.* The laborious chemical method,*® formerly used for ob¬ 
taining the equilibrium amount of the radon—which is necessary 
when measuring other quantities on the same sample—^has been re¬ 
placed by the fusion-furnace method developed by R. D. Evans.” 
The crushed or powdered specimen is heated to about 2,000°C., thus 
releasing all the radon. The solid samples from the core were scraped 
on all sides to a depth of 1 to 3 mm and finely powdered with no 
separation by sieves or tabling. It is, of course, important to insure 
that there is no diffusion of the radon out of the specimen prior to the 
heating. The results in Table 1 indicate a loss of radon when the 
samples are left exposed to the atmosphere for 30 days after powder¬ 
ing. Hence the powdered core specimens were stored for this period in 
sealed glass tubes and the radon from the gas phase added to that ob¬ 
tained from the fusion of the powder. Prior to sealing, the specimens, 
except where otherwise stated, were heated to 600°C. in a stream of 
radon-free nitrogen for one hour. 

•US Geoloffjoal Survey Op cU 

^ U 8. Geological Survey Op 

• Uiuir. W D. Deiermtnalton of the radium content at roehe Joum Chem 

Phya 4; 46. 1936 

• Ubbt, W. D. Op at, p. 43. 

Ubby, W. D Deiermtnaiton of the ihonum eonienl of rocks Joum. Chem. 
Phya. 4:34. 1080;seep 36. 

Evabb, R. D. Kev Sol Inatr. 4: 223. 1033 
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results 

The results in Table 1 are expressed on an air-dried basis. Judging 
by the 17 calcium-carbonate analyses at various depths, reduction 
to a carbonate-free basis would change but little the relative varia¬ 
tions in Table 1. Nevertheless, for more complex cores it is expedient 
to make C0| and “water minus” analyses for each sample investi¬ 
gated, the “water minus” being determined on the actual sample 
taken. The present results are based on a standard radium solution 
prepared by the Denver Fire Clay Co., standardized by S. C. Lind 
and used by Piggot in former radium determinations. It is planned to 
base the results finally on a radium standard now in the course of 
preparation by the Bureau of Standards. Any change in the calibra¬ 
tion constant of the apparatus will affect only the absolute and not the 
relative values given here 

Tab LB 1 — Tub Radium Content ok an Ocban-Bottom Core 


Core No. 3 —P-124 Depth of water 4,700 meters 

latitude 46“03'O" N longitude 43'’23'0" W 


Specimen No 

Depth 

Radium m 

10“** gram per gram 



cm 



P-124-0 


0-2 

1 21 ± 

015 




(1 06 

020)** 

P-124-26 


25 28 

1 15 

012 

P.124-74* 


74-77 

1 24 

010 

P.124-130 


130-134 

1 7ft 

02ft 

P-124-207 


207 211 

1 85 

020 




(1 22 


P-124-283* 


2Sar285 

1 4.1 

015 

P-124-268 (mit) 


208-270 

0 79 

008 


* Somewhat higher clay content 

** Samples taken from the same powdered specimen, stored for 30 days after pow¬ 
dering, but not sealed 


DifiCUBSION 

Any discussion of these results must, at present, pertain only to 
this specific core. If one rightly excludes the silt result, the reason for 
which is given later, two points of major interest are: 

A. The radium content does not diminish with depth in the core. 

B. The radium content, on an air-dried basis, is close to the general 
run of the radium content of granites. (The average radium content 
of four groups of Finnish granites is ca. 1.6 by 10~** grams Ra per 
gram.)“ 

Since the core apparently failed to reach the first glacial zone which 

>■ PiOGOT, C 8. Amer. Journ Sci 35A:227. 1038. 
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was reached in 29 cm at the next station, No. 4, it can not very well 
represent a period greatly in excess of a few thousands of years. In 
such a short period the presence or absence of uranium I and its 
isotope uranium II has no measurable effect on the radium. The 
variation of radium with depth in the core, if there is a constant source 
at the surface of the ocean bottom, is controlled by ionium, which is 



Fig 1 —The fraction F of the radium content at the top of the core (surface of the 
ocean bottom) to be expected at a depth in the core representing a given time, under 
various assumptions regarding the state of radioactive equilibnum between ionium 
and radium 

the immediate parent of radium. Were ionium to be completely ab¬ 
sent, the radium content would diminish with time, as shown in 
Fig. 1 (curve I). The 285 cm core can hardly represent less than 2,000 
years, which is greater than the half life of radium (ca. 1,600 years). 
If half the equilibrium ionium amount corresponding to the radium 
"US Geological Survey Op at 
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at the surface of the bottom were present, we still would have a meas¬ 
urable decrease in radium with depth (curve II). If ionium and ra¬ 
dium were deposited in equilibrium, the radium content would be 
constant if uranium is present (curve III) and practically constant 
even if uranium is absent. An excess of ionium over the equilibrium 
amount would yield an increasing radium content (curve IV). 

A constant radium content at the present time, as is exhibited par¬ 
ticularly in the first 77 cm of this core, would be possible even with 
a complete or partial absence of ionium, provided that there was a 
decreasing deposition of radium with time in the past following curve 
V or the corresponding complement of some such curve as 11. Since 
this is entirely improbable, the original assumption of a roughly con¬ 
stant source of radium at the surface of the bottom is not without 
foundation. 

Ionium, an isotope of thorium, is so different from radium m its 
chemical properties that a purely chemical deposition requiring ap¬ 
proximately the amounts in radioactive equilibrium to be deposited 
by independent chemical processes seems unlikely in this case. 

The narrow band of silt near the bottom of the core gives a result 
more nearly comparable with the continental sediments. There is 
some evidence that its origin may be due to submarine slumping.^* 
It appears to be wholly foreign to the conditions of formation of the 
rest of the core. 

In addition to a systematic examination of the radium content of 
the Atlantic cores, experiments are in progress to determine uranium, 
thorium, and ionium independently in these cores. 

SUHHAB1 

The development of the new ocean-bottom sampler has made 
available a number of cores, one of the objects of the apparatus being 
to probe below the ocean-bottom surface and to determine the radio¬ 
active relationship between the ocean troughs and the continents. 

One of the Atlantic cores is extremely uniform in composition both 
chemically and lithologically and was chosen as the most suitable 
core to examine preliminarily in order to ascertain, if possible, the 
radioactive equilibrium relations before proceeding to the more com¬ 
plex cores exhibiting wider variations in composition. 

Determination of the radium content at various depths in the core 
show's: (A) no decrease in the radium content with depth; (B) a ra¬ 
dium content corresponding approximately to that of the granites. 

“ U. S. Geological Survey. Op. cii 
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The conclusions based on this exploratory investigation, which 
must be limited to this particular core, are: (1) that, with regard to 
the length of time here represented, the presence or absence of ura¬ 
nium has no bearing on the radium content; (2) that the ionium is 
probably present in an amount corresponding roughly to radioactive 
equilibrium with the radium; and (3) that in view of the widely dif¬ 
ferent chemical properties of ionium (thorium) and radium, chemical 
deposition plays no role in the radioactivity of this particular core. 
This does not exclude the possibility that chemical deposition may be 
important in other instances. 

PHYSICS.— An instrument for the reproduction, regulation, and con¬ 
trol of variable temperature} '^ W. E. Stone,* U. S. Bureau of 
Entomology and Plant Quarantine. (Communicated by C. F. W. 
Muesebeck.) 

One of the most important considerations in research on insect 
and other pests is the factor of temperature, especially in relation 
to the possibihty of survival and of establishment outside the present 
limits of distribution. The need to determine experimentally in 
Mexico the possible range of distribution in the United States of the 
Mexican fruitfly [Anastrepha ludens (Loew)] and related species, as 
conditioned by temperature, led to the invention and development 
of an instrument for the laboratory reproduction of field tempera¬ 
tures as recorded by thermographs. 

DEBCRIFTION 

The essential details of the construction are shown m Fig. 1. The 
motivating unit consists of a clock-driven cylinder il, o, of the type 
in general use on thermographs and mounted in the same manner on 
a base b, A temperature pattern c cut from fiberboard is fastened to 
the cylinder like a thermograph chart by a flexible metal band d. 

The regulating unit is mounted on a vertical shaft e, which supports 
a movable stage/, adjustably fixed by means of a collar and setscrew. 
Two pairs of vertical brackets B, a, a, and h, b, are placed at the ends 
of the movable stage. Only one of each pair appears in the side ele- 

■ Received April 17, 1939 

* Application for publlo-cervioe patent pending. 

* The author wisbee to express nis appreciation to Dr. A C Baker, chief of the 
Division of Fruitfly Investigations, for helpful suggestions during the development of 
the instrument especially with regard to the elimination of gears to reduce play and 
the use of fiberboard for chart patterns; to Mr Juan Ramirez, of the same dl^ion, 
for making drawings of the Instrument; and to Mr. Albert J Kramer, of the Solioitor’s 
Office of the Department of Agriculture, from whose draft of the formal patent applica¬ 
tion much of the present description has been taken 
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vational view A, g and h. The brackets a, a support an adjustable 
tracing arm A, i, fulcrumed between them on a threaded horizontal 
shaft by means of simple point and socket bearings. The arm is lat¬ 
erally adjustable on the threaded horizontal bar and adjustable in 
length, being composed of two parts fitted together with a slot and 
two setscrews. At the outer end of the tracing arm a tracing point 
of steel wire is attached by means of a connecting wrist and is de¬ 
signed to follow the contour of the chart pattern. Near the outer end 
the arm is slightly twisted and bent toward the cylinder so that the 



Sea/e or4.3.C.I> 7.6*7 
Scale of'£*3.8*1 


Fig 1 —Essential detaiU of coiiHtruction of an instrutnent for the reproduction, 
regulation, and control of variable tempernturo uide olcvational view; B , a plan 
view; C and O, end views 

tracing point, in following the contour of the temperature pattern, 
is not interfered w ith by the peaks. In a manner similar to that of the 
tracing arm, a lever j is fulcrumed between the brackets B, b, b. The 
longer arm of the lever extends upward and is joined to a segmental 
arc A, k, oi approximately 115 degrees. At the upper end of the seg¬ 
mental arc a wire I is attached; preferably No. 37 insulated copper 
magneto wire should be used. The wire rests in a fine groove extending 
the entire length of the arc segment in the middle of its periphery. A 
weighted, platinum-pointed contact drop m is suspended from the 
lower end of the wire and extends to a toluene-mercury thermostat n. 
An insulator of hard composition board or other suitable insulating 
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material is fixed at the lower end of the drop about an inch from the 
point. The tracing arm and lever are mechanically linked by means 
of a main adjustment rod o and a minor adjustment rod p. The major 
adjustment rod is shown in greater detail in Fig. 1, E. One end of the 
major adjustment rod is fixed at right angles to the tracing arm at 
a point between its ends, the free end being pivoted to one end of 
the minor adjustment rod. The other end of the minor adjustment 
rod is pivoted to the short arm of the lever j substantially as shown in 
the drawings. Both rods are adjustable in length by means of threaded 
spacers set in threaded sockets. One-half of each of the spacers is 
threaded in one direction and the other half, in the opposite direction. 
In order to balance this instrument delicately, a counterweight q is 
adjustably mounted on the bearing shaft of the lever j by means of a 
collar and setscrew. A vertical guide bar r is fixed to a lever with a 
handle and is pivotally mounted at the base of the instrument near 
the cylinder. The guide bar holds the point of the tracer arm in proper 
operating position with respect to the fiberboard pattern. Threaded 
legs at the four corners of the base are provided for the purpose of 
making placement adjustments for the instrument. 

PREPAUATION OF CHART PATTERNS 

In the preparation of a chart pattern for the reproduction of daily 
or weekly recorded temperatures, a heliographic copy of the original 
thermograph chart is made. A clearer print will be obtained if the 
temperature record is inked with black India ink and the chart 
treated with a preparation to make it translucent, light, colorless 
lubricating oils will serve the purpose if standard preparations are not 
available. Printing with a treated chart requires approximately one- 
tenth of the time needed for an untreated chart. When the print is 
dry, it is glued or pasted on fiberboard 1 mm or slightly less in thick¬ 
ness with the back toward the board. The contour of the tempera¬ 
ture record is then cut as accurately as possible with shears, and the 
finishing is done with an assortment of files. A graphite pencil should 
be run over the contour to facilitate the movement of the tracing 
point. The cutting of a chart pattern of a weekly temperature record 
requires about 20 minutes. Patterns of daily temperature records 
can be cut in considerably less time. 

Patterns of gradually rising or falling temperatures, which are 
plotted in the form of a straight line or of gradually increasing or 
decreasing rising or falling temperature plotted in the form of a curve, 
may be cut quickly with a sharp knife. 
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In fastening the chart to the clock cylinder a better fit will be 
obtained if the pattern is held for a short time over a vessel of boiling 
water. 


ADJUSTMENT AND OPERATION 

After the preparation and placing of the chart pattern, the instru¬ 
ment is adjusted for the particular type of pattern. The initial adjust¬ 
ment consists in lengthening or shortening the tracing arm so that the 
arc described by the tracing point is of the same radius as the temper¬ 
ature arcs on the chart pattern. The movable stage is then raised or 
lowered until the arc of the tracing point, when in motion, exactly 
coincides with the arcs of the chart pattern at a point on the front 
and near the center of the pattern. 

The major adjustment rod is then lengthened or shortened until 
the distance traversed by the contact drop, as a result of the move¬ 
ment of the tracer point through a given number of degrees un the 
pattern, is equivalent to the change in the thermostat for an equal 
number of degrees. The minor adjustment rod is then lengthened or 
shortened to rectify the position of the arc segment so that the maxi¬ 
mum range of operation may be maintained under all adjustments. 

The clock is regulated to rotate the cylinder slightly faster than the 
recorder to allow for the difference caused by the thickness of the 
fiberboard of the pattern. 

When the instrument is once adjusted for a particular type of chart 
pattern, it will operate indefinitely without further adjustment. 

In operation the tracmg point rests on the top edge of the fiber- 
board pattern, and as the cylinder rotates it follow's the contour of 
the pattern, raising or lowering the tracing arm. The tracing arm 
actuates the adjustment rods, which, in turn, actuate the arc seg¬ 
ment. Thus the drop contact is raised or lowered in the thermostat 
tube, with the movement of the tracing point cutting on or off the 
heat by means of an ordinary electric relay connected through the 
thermostat and the wire extending from the upper end of the arc 
segment. 

THERMOSTAT 

A glass mercury-toluene thermostat made of 50 inches of 6/16- 
inch bore tubing, with an 8-inch neck of 3/16-inch bore tubing fused 
together and bent into a convenient form, has proved to be a good 
size for use with this instrument. A thermostat of this size used inter¬ 
mittently for 3 years has shown no apparent change in volume during 
that time. 
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When the mercury column recedes in the thermostat vrith a de¬ 
creasing temperature, a thin film of mercury may be left on the wall 
of the tube for some time. As the contact drop is necessarily freehang- 
ing, the point would at times make contact with the film causing the 
relay to operate prematurely, except for the insulator near the end 
of the <lrop, which keeps the point away from the film. 



L 


Fir 2 -PhotoRTiiph of onRinal thermograph charts ( A , D). chart patterns (C, F, 
//), records of temperature reproductions (&, a), and records of a produced gradually 
rising and falling temperature (O) and constant temperature (/} 

There is no rea.son why other types of thermostats than mercury- 
toluene cannot be used with this iustrument if they possess the neces¬ 
sary range. 

TBMPEIIATURB CABINETB 

Standard well-insulated temperature cabinets can not be used with 
this mstrument when producing or reproducing highly variable tem¬ 
peratures unless they are equipped with cooling coils, because cooling 
is too slow. The need for a rapid heat exchange to obtain variable 
temperatures necessitates considerably larger heating elements to 
reach high temperatures than in constant-temperature apparatus. 
Air circulation must be such that the thermostat is completely en¬ 
veloped in the moving air stream. 

ACCUEACY 

The accuracy obtained in the operation of Jttps instrument may be 
seen from the photograph of the charts showtt'in Fig. 2. A is an origi- 
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nal daily thermograph record, May 28,1933, from Cuernavaca, State 
of Morelos, Mexico. B is a record of the reproduction of the tempera¬ 
ture made in a cabinet at Mexico City from the chart pattern C. The 
upper part of the chart B has been trimmed to allow a closer compari¬ 
son of the original and the reproduced temperature. An original rec¬ 
ord of a weekly temperature, June 29 to July 6, 1936, at Santa 
Engracia, State of Tamaulipas, Mexico, is shown in D. The record of 
the reproduced temperature, E, made from the chart pattern F, 
shows the accuracy with which iveekly temperature records can be 
reproduced in the laboratory. G is a record of a gradually rising and 
falling temperature made from the chart pattern H. I ia a, constant- 
temperature record which was obtained by stopping the clock of the 
instrument. 

summary 

An instrument has been developed to permit the laboratory repro¬ 
duction of field-recorded temperatures in experiments at Mexico City 
to determine the possible range of distribution of the Mexican fruitfly 
and related species in the United States. A description of the instru¬ 
ment showing the essential details of construction is given. 

The method of preparation of the chart patterns, showing the dif¬ 
ferent steps in the operation and the time consumed, and the methods 
of making adjustments and of operation are discussed. 

A mercury-toluene thermostat made of 50 inches of 6/16-inch bore 
tubing with a neck of 3/lG-inch bore tubing has been used with the 
instrument intermittently for 3 years without apparent change in 
volume. 

Standard well-insulated tempicrature cabinets can not be used with 
the instrument when producing or reproducing highly variable tem¬ 
peratures unless they are equipped with cooling coils, because cooling 
is too slow. 

The accuracy obtained in operation is shown in a photograph of 
charts of reproductions of daily and weekly temperature records and 
of the production of a gradually increasing and decreasing tempera¬ 
ture as well as a constant temperature. 
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PHYSICAL CHEMISTRY.— The cusignmerU of uncertaintiea to the 
data of chemistry and physics, with specific recommendations for 
thermochemistry} Frederick D. Rossini, National Bureau of 
Standards, and W. Edwards Demino, U. S. Department of 
Agriculture. 
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1. INTHODTICTION 

In order that the results of measurements made in different labo¬ 
ratories may be compared and appraised for the purpose of estimat¬ 
ing the uncertainty or confidence interval to be attached to the pub¬ 
lished value of a physical or chemical constant, it is desirable that 
experimenters adopt a uniform procedure for expressing the consist¬ 
ency of their data, or be explicit in their statements regarding such 
consistency. Anyone to whom the experimental details and the origi¬ 
nal numerical data are available can form his own opinions by what¬ 
ever method he likes, hut since full details are often too extensive for 
publication, understanding among w’orkers in different laboratories 
and in different countries will be promoted if all the investigators in 
any field will be careful to give the information that is essential for 
evaluating the consistencies of their final values. The purpose of this 
paper is to present some discussion on this subject and to offer some 
specific recommendations in connection with the experimental data 
of thermochemistry. 

Precision and accuracy are terms invented for convenience in dis¬ 
cussing errors of observation, uncertainties, and related matters. The 
precision of a set of observations is measured by the consistency or 
internal agreement reached as the series is extended under controlled 
conditions. Precision measures the ability of an investigator to repro- 

' Received Auguit 20,1839 The numbers in bnekete throughout the text indioete 
the referenoes at the end of the paper. 
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duce his observations. If they fluctuate widely, his precision is low: 
but if they fluctuate within a narrower range, his precision is higher. 

In contrast to precision and internal agreement, accuracy is re¬ 
lated to the discrepancy bet^veen the mean of a set of observations 
and the true but ''unknown" value of whatever quantity is being 
measured. A piece of experimentation may be at once extremely pre¬ 
cise yet hopelessly inaccurate because of constant or systematic 
errors, unpredictable or even unsuspected. There are three ways of 
going about the problem of discovering the existence of constant or 
systematic errors: first, by investigating the physical principles in¬ 
volved in the action of the apparatus; second, by ascertaining whether 
there exists any unnatural trend of the final values with any one of 
the variables involved in the measurements; and third, by comparing 
the results obtained in different laboratories. Incompatible discrepan¬ 
cies between the results obtained by two different laboratories may 
convince one that constant errors are present in the work of one or 
both of them, but the actual recognition of the errors must be made 
by an investigation of the principles of the measurements. It is of 
course possible, by accident, for the means of two sets of experiments 
to be in good agreement even though one or both sets arc afflicted 
with systematic errors. Moreover, if the number of experiments is 
small, the two sets of data may be in disagreement and yet free from 
constant errors; poor agreement merely suggests but does not prove 
the presence of constant errors. 

In speaking of incompatible discrepancies betw^een two sets of 
observations supposed to measure the same quantity, one must have 
in mind some measure of internal consistency for the two sets of ob¬ 
servations and some way of comparing these internal consistencies 
with the difference between the means from the tw^o sets. The impor¬ 
tant consideration is not how' large the discrepancy is, but rather how 
the discrepancy compares in magnitude with the internal consistencies 
of the two sets of data. Statisticians have set up mathematical models 
for calculating odds against discrepancies between two means ex¬ 
ceeding different multiples of a certain function of the measure of 
uncertainty of the two sets of observations, and these odds will be 
correct if the experiments fit the assumptions on which the calcula¬ 
tions are based. The existence of this concordance between experi¬ 
ments and assumptions is difiicult to ascertain in actual ph 3 ^ical and 
chemical experimentation, because any one series of observations is 
rarely extended long enough to be compared with the mathematical 
model (cf. Shewhart [9]). Nevertheless, probability considerations 
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are helpful on the whole, and increasing use is being made of some of 
the simpler statistical charts and calculations. 

II. SOME NOTES ON THE THEORY OF PROBABILITY 
1. The single sample or set of observations 

In the theory of errors, a set of n equally reliable observations is 
considered as a sample of n drawn at random from an indefinitely 
large supply (parent population) of observations that theoretically 
might be made if time and opportunity would permit. In the state of 
statistical control or randomness, the observations behave as if they 
are numbers being drawn from a hat, after thorough mixing and 
blindfolding. This limiting state is a goal toward which the efforts of 
experimentation are alw'ays directed, but the requirement for its full 
attainment, as judged by Shewhart’s “Criterion I” [9], is much more 
exacting than that in the experimenter’s judgment the observations 
have all been taken under “essentially the same conditions.’’ 

If there were no constant errors, and if randomness were attained, 
the mean of the parent population of observations would be the true 
value of the quantity being measured. The effect of a constant error 
is to displace the mean of the parent population above or below the 
true value; the correction, if ever isolated and evaluated, can be 
added to or subtracted from the mean of the parent population to 
obtain the true value. 

The object of making observations is to estimate the limits within 
which various percentages of the next hundred or thousand observa¬ 
tions will lie; that is, statistically, to estimate the position (value) of 
the mean of the parent population. Because the number taken must 
necessarily remain finite, the exact value of the mean of the parent 
population can only be approached, even in controlled experiments, 
where randomness exists, and one becomes increasingly interested 
in the probabilities associated with certain propreties of the observa¬ 
tions that are actually made. That is to say, if £ is the mean of n 
observations and u is the (unknown) mean of the parent population, 
one might be interested in knowing the proportion of means in sets of 
n observations each that will differ from m by a stated amount, or the 
proportion in which an interval such as £±A will cover ft. 

In the present discussion the observations will be considered ran¬ 
domly drawn from a parent population that is normal (Gaussian) or 
nearly so. There are four reasons for this choice: First, mathemati¬ 
cally, the normal error curve is the easiest to deal with; second, it is 
usually an excellent approximation when control exists; third, several 
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inveatigations on nonnormal populations have shown that even con¬ 
siderable departures from normality do not produce appreciable al¬ 
terations in many important deductions based on the normal curve; 
and, fourth, it has been established that the distribution curve formed 
by the means of samples drawn from a nonnormal parent population 
is usually much more nearly normal than the population itself. While 
there exist several types of measurement that by nature do not have 
normal parent populations, deductions based on the normal law will 
rarely fail to be valid, provided control exists. 

It is to be understood that the extreme tails or ends of the normal 
error curve do not represent probabilities for large errors. By the 
nature of the apparatus, extremely large errors may be absolutely 
impossible, yet the approximating normal curve attributes to these 
large errors a finite chance of occurrence. The normal curve is an ap¬ 
proximation not expected to hold for large errors; it is the main por¬ 
tion of the curve that contributes most to the calculations: if the 
tails of the curve were cut off, the mathematical difficulties would lie 
exceedingly complex, but with results, in moderate and large samples, 
practically not different from those obtained by the customary and 
simpler theory which includes the tails. 

If fi denotes the mean of the parent population, then the true 
error of an observation x< drawn therefrom will be 

«, = x. - n. (1) 

Since n is unknown, the error e, is also unknown. So, instead of deal¬ 
ing with the true but unknown errors «<, we shall find it advisable to 
work with the known residuals or apparent errors Vt, which are meas¬ 
ured from the known mean £ of the sample rather than from the un¬ 
known mean n of the parent population. The definition of the residual 
corresponding to the observation x, is mathematically 

Vi^ X, - i, ( 2 ) 

where i is the mean of the sample, defined mathematically as 

i s= (l/n)(xi + Xf + + In), (3) 

Xi, xt, , Xn constituting the sample of n observations. 

The only difficulty in replacing by 2 and thus passing from the 
unknown errors (c) to the known residuals (a) is that 2 itself fluctu¬ 
ates from one sample to another, and in any particular sample (set of 
observations) the discrepancy u between 2 and /(is in practice not 
known. This unknown error in 2 we shall denote by u, writing 
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U » t — /I. (4) 

Most of the deductions made from experimental data, by probability 
theory or any other method, are mainly concerned with the magnitude 
of u, the unknown error in the sample mean i. 

For laying odds concerning the error n in the mean £, the most 
important piece of information provided by the sample is the stand¬ 
ard deviation for single observations of the set, denoted by s and 
defined by 

= (l/n)2(i. - f)». (6) 

The standard deviation received its name from Karl Pearson. It is 
not standard in the sense of being fixed, sinee it fluctuates from one 
set of observations to another. It does, however, provide a standard 
measure for expressing the consistency of a set of observations, for 
comparing their consistency ith that of another set, and for judging 
statistically from the results obtained at two laboratories whether 
constant errors are present in one or another of them. 

In the usual form of probability theory, which applies when con¬ 
trol has been attained, it is assumed that as the number of observa¬ 
tions is increased indefinitely, the mean £ approaches statistically the 
limit ft, and also that the standard deviation, s, approaches a limit 
<r, called the standard deviation of the parent population. In s}anbols, 

Tim 2 B a and Lim a = <r. (6) 

Under these conditions, the experiments are “under control." When 
the assumption of such limits does not lead to useful results, the prob¬ 
ability theory in the usual form is not applicable. 

The standard deviation, s, as defined in eq. 5, or any multiple 
thereof, possesses two important properties that make it the most 
desirable function to use as a measure of consistency. The first of 
these arises from the theorem known as Tchebycheff’s inequality,* 
which has been stated in a variety of forms, one corollary being that 
of the n observations, xi, xt, , x., not more than 1/X* of them can 
be outside the interval ;e±Xs, when X>1. The second is Gauss’s 
discovery that when the observations have a normal distribution, the 
standard deviation, s, is more efiflcient for estimating <r than any 
other function. For example, the standard deviation is 14 percent 
more efficient than the average residual taken without regard to sign, 
and 9 percent more efficient than the mean cube of the residuals.' That 

* Bee pp 95-08 and elaevhere in Shewhart [3], and pp. 579-587 of Smith [4] 

> See p 201 of Whittaker and Robinaon [5] 
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is to say, the standard deviation of 100 observations provides as 
statistically reliable an estimate of ir as the average residual, taken 
without regard to sign, from 114 observations; etc. 

When an observer performs a number of sets of measurements of 
the same quantity with the same apparatus, he will find that the 
standard deviation fluctuates from one set of measurements to an¬ 
other, as has been stated. These fluctuations will occur even under the 
best controlled conditions. The larger the number n of observations 
in a given set, the smaller are the fluctuations in s. When n is large, 
considerable confidence may be placed in the precision of a set of 
experiments estimated from their standard deviation. The num¬ 
ber of observations n enables one to judge the reliability of the 
estimates of the precision of the observations from their standard 
deviations. The number n tells how many figures are significant in 
recording a, a good rule being to remember that the standard devia¬ 
tion o f a itself is about a/\/2(n—1). For example, if n=<9, 
l/\/2(n—1) =1/4, and therefore one need record not more than two 
figures in a and, at that, the second figure is barely significant. More 
than two figures in a will hardly ever be required, though one extra 
figure will avoid errors of rounding off. 

Various tests have been proposed by statisticians for determining 
the probability that a sample of n observations will reproduce the 
properties of the parent population within stated limits, that is to 
say, how well the mean x and the standard deviation, a, of a finite 
number of observations n will represent the mean m and the standard 
deviation a that would be obtained by continuing the measurements 
indefinitely. Also, calculations have been made for evaluating the 
odds on the occurrence of given differences between the means of two 
sets of observations. 

The normal curve showing the distribution of the mean values of 
samples or sets of n observations has for its standard deviation 
ff/v'n, which is smaller than v because of the denominator \/n. This 
quantity a/y/n can be used to compute the probability that expresses 
the chance Pr of the occurrence of an error u in 2 greater than some 
stated amount, say E. The graph in Fig. 1 shows P, as a function of 
T, w'here 

r - E/{c/Vn). (7) 

This quantity r is the “standardized error,” or the stated error E ex¬ 
pressed in units of the standard deviation of the error u in £. In the 
long run of repeated sampling under controlled conditions the stand- 
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Fig 1, —Areas under the normal curve Pr is the area in both tails beyond the 
abscissas ± r The whole area under the curve is unity, 1 e Pr * I when r wO. 

ard deviation of the error u is c/Vn, ae hae already been mentioned, 
and Pf is the fractional number of times that the error t« in i Rrill in 
the long run exceed the stated error E. The calculation of r and the 
corresponding P, is called the normal test for the significance of i. 

Reliable estimates of o* for the normal test can sometimes be made 
antecedently from a long series of previous observations, or from 
several short series,* and it is to be noted that in the absence of a 
reliable estimate of v, one can not compute r and hence can not look 
up P, in the tables. The best one can do in such circumstances is to 
use the Student test [1, 6], which involves the fluctuating stand* 
ard deviation, «, of the single sample, in place of the steady (but now 
supposedly unknown) c. The “t” test is made by estimating <r from 
the one sample according to the formula 

* See Demlng and Birge [1], eq. 67, p 168 
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«' = ay/n/(n - 1) = yi/ — (8) 
r n — 1 

and then measuring E in terms of s'/y/n, calling the result t. Nov 
if s' is an estimate of a, then s'/y/n is an estimate of aly/n, where¬ 
fore, if we write 

t = E/{a'/Vn) - A’ + , ( 9 ) 

we may look upon t as an estimate of t, the only distinction being that 
T in eq. 7 is the stated error E measured in units of afy/n, whereas t 
in eq. 9 is measured in units of an estimate of «r/\/n. In words, t is 
the stated error E measured in units of the estimated standard devia¬ 
tion of the error u in £. Otherwise written, we may say that 

t = (E/sWk, (9b) 

wherein A: = n — 1, and a is computed according to eq. 5. In place of the 
probabilities P, in terms of t in Fig. 1, we now have the probabilities 
P, in terms of t and k in Nekrassoff’s nomograph shown as Fig. 2. Pr 
is to be used when a is known; P, when o- is not known. 

It is to be kept in mind that P,, when we are able to calculate it, 
may be found different from Pr, in fact, the two will agree only when 
the observed a happens to be an “average” «. If a is unusually high or 
low, as it will be once in a while, then P, will be correspondingly low' 
or high compared with Pr. It is to be remembered also that neither 
the normal test nor the ”t” test is valid except in statistical control, 
and by the time this stale is attained the experimenter usually knows 
his <r and has no need of the ‘7” test.* In statistical control, as n 
increases indefinitely, s' approaches <r, t approaches r, and P, ap¬ 
proaches Pr. 


2 A pair of samples or sets of observations 

The following information will be available from the recorded data 
of the two sets of observations; 



lat set 

2d set 

Mean 

i\ 


Standard deviation 

8l 

at 

Number of observations 

ni 

nt 


In examining the concordance of two sets of measurements sup- 

* For some critical remarks, see the 1937 and 1988 editions of Doming and Birge 
[1], especially the “additional notes" and pp 181-139. 
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posedly made on the same magnitude, the important fact to keep in 
mind is that if both sets are under control, then, in repeated sampling, 
the difference h—it between the two means will be distributed nor¬ 
mally about 0 with standard deviation (<riV.ni +<riVni)‘'*, and <ri 
being the precisions of single observations in the two samples. To 
discover the probability of a difference as great as or greater than that 
actually observed, we need only calculate 

r = I f, - i, 1 /{(TiVn, + (10) 

and then look up P, in Fig. 1 or in any table of the normal integral. 

In the case of the single sample we ran into the difficulty that <r is 
sometimes unknown, and we were forced to the “t" test. So it is with 
a pair of samples also; when o-i and <ri are both unknown, we can not 
compute r in eq. 10 and hence can not look up P,. But if, as fre¬ 
quently happens, it can be asserted that <ri and <ri have a common 
value, say a, then we may apply the "I" test by calculating 


with 


/I 1\*/* 


1 

+ 

1 

11 

(11) 

\ni nt/ 


ni«i* 

(12) 

a'* *-, 

rii + ni — 2 


and then looking up P, on Nekrassoff’s nomograph (Fig. 2) with 
k=ni+nt—2. It is to be noted that a' is an estimate of <r obtained 
by pooling both samples, and that t as defined in eq. 11 is the differ¬ 
ence divided by «'(l/ni-|-l/nt)‘'*, which is the estimated 

standard deviation of the sampling fluctuation of ii—it. We may 
therefore look upon f in eq. 11 as an estimate of the r in eq. 10, the 
relation between them being similar to that between the t and r of 
eqs. 9 and 7. 

In the state of statistical control, Pt represents the relative fre¬ 
quency of occurrence, in the long run, of values of f as large as or 
larger than that calculated in eq. 11, the presumption being that 
both sets of observations were made on the same thing, i. e., that both 
sets were afflicted with the same constant errors. A large value of t, 
giving a low value of Pt, is an indication that the two means f i and 
2i are unduly discordant compared with their internal consistencies 
as measured by Si and st. Since unequal constant errors in the two 
experiments would separate it and it, on the average, leaving Si and 
Si and a' unaffected, we may regard a low value of Pt as statistical 
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"evidence” of unequal conatant errors. A low value of Pi, e. g., 0.01, 
is of course no proof of the existence of constant errors, but rather an 
indication that an investigation into the possibility should be nuule. 
On the other hand, a high value of P, is no assurance that constant 
errors are absent or operating equally. One can only assert that an 
unequal distribution of constant errors causes low values of Pi to 
occur more frequently than would happen by chance under ideal 
cohditions. 

When, because of unavoidable circumstances, the numerical data 
of a given investigation can not be published in complete detail, the 
procedure of estimating and reporting the measure of the precision 
should preserve as much as possible of the information contained in 
the full series of observations. In those cases where complete publica¬ 
tion is not possible, condensation of the numerical data becomes 
necessary, and the investigator should report at least the three fol¬ 
lowing pieces of information 

(i) The number of observations, n. 

(ii) The mean 2 of the observed values, calculated to as many 
figiu^ as are judged significant in consideration of the standard 
deviation. 

(iii) The standard deviation, s, given to as many figures as are 
judged significant in consideration of the number of observations. 

The number of significant figures to which the mean value i is 
reported should be dictated by the internal consistency of the obser¬ 
vations, that is, by the magnitude of the standard deviation, and not 
by what one may consider to be the accuracy of the experiments. If 
one or more decimals are dropped from a mean, it may be impossible 
to correct it to a more accurate value later on when one or more 
constant errors may be traced and evaluated. Furthermore, a com¬ 
parison of the discrepancy between two means with the internal 
consistencies of the two sets of observations is hardly possible unless 
each mean is carried out to as many significant figures as are war¬ 
ranted by the standard deviation. 

3. Functional concordance 

Hitherto the n measurements were all supposed to have been made 
on a single magnitude. Quite commonly, hovrever, one has to deal 
with a muffe complicated case of curve fitting; some measurements 
may be here, and others there, as happens for example when a vapor 
pressure is observed as a function of the temperature. As the tempera¬ 
ture changes, so does the vapor pressure, and one may wish to ob- 
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serve the vapor pressure at several different temperatures, and after¬ 
ward fit a curve to the observed points. Sometimes only one measure¬ 
ment is taken on y for a given x, or on x for a given y, but it is highly 
desirable that repeated observations be made whenever possible, in 
order to see how well the curve fits (see, for example, pp. 20-25 of 
Deming’s Least Squares [12]). Sometimes only y is subject to error; 
but more generally x and y may both be in error, in which case the 
problem of adjustment is still easily taken care of (cf. Deming [12], 



Fik 3 —Hero y is observed for several values of Xy none of which is far from xo If 
one knows the slope dy/dx of the functional relation between x and y at or knows the 
shape of the relation in that vicinity, he can easily project the observations to find the 
concordance at xg, i e, to find what might have been obtained if x had been held at Xt 


pp. 82 and 83 ff). In any event, when the curve has been fitted, an 
estimate of the precisions of the observations on y and x can be made. 

Occasionally, y is observed for several values of x within a range 
close of Xt. One can then, in effect, move the points graphically to the 
abscissa Xo as shown in Fig. 3. The standard deviation of y at xo 
can easily be computed by taking the root mean square deviation of 
y from its mean value at Xo according to eq. 5. 

III. PROPAGATION AND COMBINATION OF ERRORS 

If the quantity F is a function of x, y, and z, and these are in error 
by the amounts Ax, Ay, and Az, respectively, then F will be in error 
by an amount AF whose value is given approximately by the linear 
terms of a Taylor’s series: 
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* PzAx + + F,^ . (13) 

Here the higher powers and products of Ax, Ay, and Az have been 
neglected, since it is assumed that the errors are small. {F,, F„ and 
F, stand for dFJdx, dF/dy, and dFjdz, respectively, and each deriva¬ 
tive is to be evaluated at or near the correct values of x, y, and z.) 
Eq. 13 is the equation of propagation of error. 

In practice, one does not know the individual errors in x, y, and z, 
but may have some knowledge regarding their standard deviations 
from long series of measurements. These standard deviations, denoted 
by O',, o-y, and o'., are respectively the square roots of the averages of 
(Ax)*, (Aj/)*, and (Az)* in very long series of observations. 

Upon squaring both sides of eq. 13 we have 

{AFY = (F,Ax)* + (FyAy)* -h {FMY + 2F,F;AxAy 

(14) 

+ 2F,F^^z + 275/iAyA2. 

Assuming that F., Fy, and F. remain substantially constant while 
Ax, Ay, and Az vary over their allowable ranges, and that the averages 
of the cross products AxAy, AxAz, and AyAz are zero, as will be true 
if Ax, Ay, and Az are uncorrelatcd, one may average each term of 
eq. 14 and obtain 

o,* = F.*o,* + Fy*oy* -I- F,W (15) 

This is the equation of the propagation of the standard deviation, 
when the errors are independent. Two examples of its application to 
various simple functions follow. 

(i) If 

F = ax + by + cz, (16) 

where the errors in x, y, and z are independent of one another, then 
the standard deviation of F, resulting from the errors in x, y, and z, 
is given by the relation 

VF = {<w.)*-l-(5ay)*-|-(ca.)*)‘/*. (17) 

Here or,, o'y, and a, are the standard deviations of the errors in x, y, 
and z. It is to be noted that this formula remains unaltered if a, b, 
or e changes sign. 

(ii) If 

F * xV**i (18) 

where the errors in x, y, and z are independent of one another, then 
the resulting standard deviation of F* is 

VF - F{(aff,/xY + (0irJyY + (W*)*}''*. 


(19) 
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This formula remains unaltered if a, 0, or y changes sign. 

Separately obtained moan values, if 'within reasonable accord with 
one another, may be combined by weighting them inversely as the 
squares of their standard deviations. (Just whether two sets of ob¬ 
servations arc in accord with one another is a matter that can not be 
decided objectively, but the normal test or the “t" test will at times 
bo of assistance.) If, for example, three sets of measurements of a 
certain quantity yield the three means 2,, 2,, and £«, the 
weighted mean will be 

7»i2i/(ti* + ni2t/ ff|* + naiSa/ ifa* 

£ = - , 

Wi/ffi* + + Wa/o'a* 

wherein ni, nt, and na are the numbers of measurements in 
sets, and vi, vt, and express the standard deviations 
observations. 

The standard deviation to be assigned to the resulting 
mean 2 will be 

<rt = l/(ni/ff|* + + n»/tTt*y* (21) 

The bar over the v is a reminder that the character refers to a mean. 

If in the same symbolism o’,, and '&» refer to the standard devia¬ 
tions of the three separate means xi, £», and 2», eqs. 20 and 21 take 
the forms 

^ “ ” l/ffi» -I- lA** + 

» = 1/(1M* + 1/5,* + l/ff,*)*'* 

These formulas are easily extended to any number of sets of observa¬ 
tions. 


( 22 ) 

(23) 


resulting 

( 20 ) 

the three 
of single 

weighted 


IV. APPLICATION TO MEASUREMENTS IN GENERAL 

The calculations outlined on the preceding pages may be applied 
to any experiment that is in statistical control; i. e., when the data 
are known to be random.* Possible examples that can be developed 
in general physical and chemical measurements are the determina¬ 
tions of heats of chemical reactions, heat capacities, heats of fusion 
and vaporization, freezing and boiling points, volumes, molecular 
weights, densities, refractive indices, solubilities, and various chemi¬ 
cal analyses. 

Physical and chemical measurements may be dmded roughly into 

* See, In partioularp chapter ii of Shewhart [9] 



430 JOtJBNAL O? THB WABHINOTOK ACADEMY OF 8CIBNCBB VOL. W, NO. lU 

two classea, of which the second is further subdivided into two parts:* 

A. Absolute or primary measurements. 

B. Comparative or secondary measurements. 

a. By successive comparison. 

b. By simultaneous comparison. 

In physicochemical measurements, the investigator must carefully 
distinguish between the precision and the accuracy of his results, 
and, furthermore, he must establish beyond reasonable doubt that 
the purity of the chemical substances upon which the measurements 
are being made is sufficient for the purposes of the investigation. 
Methods for establishing the purity of chemical substances have been 
discussed in detail by a number of authors (for example, see Wash¬ 
burn [8]). 

There are relatively few investigations that in themselves com¬ 
pletely determine the final value of a desired property. Usually the 
final value is a function of a number of quantities, only one of which 
will be evaluated in the investigation, the others being "accepted” 
from other sources. For example, the final value Q may be a function 
of the quantities A, B, and C, of which C is the only one that is 
evaluated in the investigation: thus, it might be that 

Q - ABC. (24) 

The precision of the measurements on C is a measure of the precision 
of C but not of Q. The precision of C( ^Q/AB) may be considered the 
“immediate” precision of the measurements, and this is to be con¬ 
trasted with the "overall” precision of Q, which must include the 
precisions of A and B as well as of C. The standard deviation to be 
assigned to A and B should be estimated, in a manner similar to that 
used in estimating the standard deviation of C, from measurements 
made in the laboratories where A and B were determined. When no 
systematic errors exist in A or B or C, then the "overall” standard 
deviation, estimated by the propagation of the standard deviations 
of the various component parts, gives an idea of the accuracy of the 
experiment. It is only through the concordance of different methods 
of measurement that a measurable characteristic is ever said to have 
an existence that is operationally verifiable; but no matter how close 
this concordance appears to be, there is always the possibility that 
future experimental or theoretical work may reveal the presence of 
constant errors, whereupon our ideas concerning the accuracy of a 

’ For further definition and dlaoueaion of abeolute and relative meaauremente, eee 
Swietofllawski Cn. 
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measured quantity will need to be revised (cf. Shewhart [9], chapter 
iv). 

Absolute or primary measurements are those in which the result¬ 
ing magnitude is measured in terms of f undame ntal or absolute stand¬ 
ards. Examples of this class include the determination of the density 
of water in terms of the fundamental units of mnas and volume; the 
heat of formation of water in terms of the fundamental unit of 
energy; and the absolute viscosity of water in terms of fundamental 
units. For such measurements the finally determined value of Q will 
be the resultant of sets of measurements on one or more magnitudes. 
The standard deviation of the magnitude resulting from each of the 
component sets of observations may be estimated according to the 
procedure discussed in Section II, these separate standard deviations 
then being combined by the procedure given in Section III for the 
propagation of errors. Strictly, the formulas developed there are valid 
only for the true values of the standard deviations involved, but they 
will be sufficiently close for the purpose when used with estimated 
standard deviations. 

Comparative or secondary measurements are those in which the 
resulting magnitude is determined by comparison with a selected 
standard or reference substance, in terms of a ‘'best” value more or 
less arbitrarily assigned or accepted for the standard. For such 
measurements, it is to be emphasized that the evaluation of the 
“overall” standard deviation of the resulting value entails a con¬ 
sideration not only of the errors in the immediate experiment, but 
also of the uncertainty in the value selected for the standard sub¬ 
stance in terms of the fundamental units. This latter uncertainty 
must be inferred from absolute or primary measurements made in a 
laboratory adequately equipped to determine the value for the stand¬ 
ard substance in terms of the fundamental units. 

Secondary measurements involving successive comparison with the 
standard or reference substance include, for example, the determina¬ 
tion of the viscosity of a liquid with a viscosimeter standardized with 
water (using an “accepted” value for the latter) and the determina¬ 
tion of the heat of combustion of an organic substance with a bomb 
calorimetric apparatus standardized with benzoic acid. In such 
measurements, the final value Q is the resultant of two sets of meas¬ 
urements with the same apparatus under as nearly the same condi¬ 
tions as possible. In one set the reference substance b measured, and 
in the other the experimental substance. This tyjM of measurement 
determines the ratio of the property for the one to that for the other, 
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as for example, Q^/Qr- If the estimated standard deviations (Section 
II) are respectively o-w and v,, then for Qw/Qr, which measures Qw 
in terms of the units and value accepted for the standard, the result¬ 
ing standard deviation is that obtained by combining and Vr in a 
manner indicated in Section III. It should be noted that this result 
takes no account of the uncertainty in the value selected for the 
standard substance. 

Secondary measurements involving simultaneous comparisons of 
the given substance with the standard or reference, include, for ex¬ 
ample, the determination of relative heat capacities with “twin" 
calorimeters, of relative P-V-T data with "twin” bombs, and of rela¬ 
tive densities with “twin" pycnometers. In such measurements, the 
final value Q is usually the result of measurements with a “twin” ap¬ 
paratus containing both the given substance and the reference or 
standard. This tyi)e of measurement substantially determines the 
difference between the value of the property for the experimental 
substance and that for the reference substance, as for example, 
Q„ —Q,. In practice the reference substance is selected to make the 
observed difference Q»—Q, small in comparison with Qr, The result¬ 
ing standard deviation for the value of Q«, expressed in terms of the 
units and value adopted for the reference substance, will be simply the 
standard deviation for the value Q»—Qt, evaluated from the data 
according to the procedure given in Sections II and III. This standard 
deviation likewise takes no account of the uncertainty in the value 
selected for the reference substance. 

V. SPBOIFIC RECOlllfENOATIONS FOR TUERMOCHRlflBTRY 

1 General remarks 

In thermochemical investigations, systematic errors may arise from 
a number of sources, including the evaluation of the energy equiva¬ 
lent of the calorimeter, the determination of the amount of reaction, 
etc.' Such systematic errors, which affect the accuracy but usually 
not the precision of the results, may preclude agreement among differ¬ 
ent laboratories as to the results of measuring what is supposedly the 
same thing, even though the consistenoy of the measurements in each 
of the laboratories by itself is entirely satisfactory. 

The standard deviations associated with the “accepted" constants 
and other constant factors entering into the reduction of the data 
should be incorporated, so far as they are significant, into the final 
“overall" standard deviation assigned to the quantity being evalu- 
■ For a detailed ditouasion of luoh faoton, see reference [10]. 



OCTOBSB 16,1939 ROSBINI AND DEMINO: ABSlONlfENT OF ITNCEBTAINTIBB 433 


ated. In the report of an investigation, such constants and their as¬ 
signed standard deviations should be identified and the reasons for 
their selection given. 

The standard deviation that is to be associated with the mean £ 
of a set of n observations in a state of statistical control is X/y/n 
times the standard deviation (for single observations) of the parent 
population from which the observations are drawn (see Section II). 
An estimate I' of the standard deviation of £ can therefore be ob¬ 
tained by multiplying s' in eq. 8 by l/y/n, whence 

i' = a'/y/n = v'S«'.V»(» -~1), (25) 

where is the sum of the squares of the deviations, each deviation 
being measured from £, that is, v,=x,—x, as in cq. 2. (It will be 
recalled that s' is the estimated standard deviation for single observa¬ 
tions of a given set, and that s' is the estimated standard deviation 
of the mean £.) 

It is again emphasized that the procedure described here for treat¬ 
ing the observations of experimental thermochemistry statistically 
is applicable only if the observations are in a state of statistical con¬ 
trol (see Section II). 

2. Procedure for combining standard deviations 

Following the general classification already given in Section IV, 
calorimetric investigations of the heats of chemical reactions may be 
divided into those involving (A) absolute or primary measurements 
and (B) comparative or secondary measurements. 

A. Abtolule or prtmary meaauremenU 

In thermochemical investigations involving absolute or primary 
measurements, the heat evolved by a measured amount of chemical 
reaction is compared with the heat evolved by a measured amount of 
electrical energy, using the calorimeter system as the absorber and 
comparator of the two kinds of energies. In the ideal case, both a 
fixed calorimeter system and a fixed temperature rise would bo used, 
so that a direct equality would be obtained between a measured 
amount of electrical energy and a measured amount of chemical 
reaction [10]. 

In actual practice it is easy to use a fixed calorimeter system but 
impracticable to try to obtain exactly the same temperature rise in 
all experiments. Instead, with the fixed calorimeter system, the tem¬ 
perature rise is made substantially the same in all experiments, and 
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the small differences from one experiment to another are measured 
in order to effect the correction to a common temperature rise. In 
most cases the amount of electrical or chemical energy added to the 
calorimeter can be so regulated that the differences in the tempera¬ 
ture changes in the various experiments will differ from zero by at 
most several percent of the total change. Since the small differences 
can be measured as precisely as necessary, the advantage of the sub¬ 
stitutional nature of the method is retained, and the experimenter 
gains some needed flexibility in operation. 

For the given calorimeter system, it is convenient to determine a 
quantity called its energy equivalent.* This quantity A is the amount 
of electrical energy B added to the fixed calorimeter system divided 
by the temperature rise Atx, the amount of energy added being regu¬ 
lated so that Aig differs little from the selected “standard” tempera¬ 
ture rise. The relation used in computing the energy equivalent of 
the calorimeter is 


A/f= E/Mn, (26) 

where E is the observed electrical energy, is the observed temper¬ 
ature rise, A is the energy equivalent of the calorimeter, and / is a 
constant whose value is the resultant of the various calibration fac¬ 
tors associated with the instruments used in measuring the electrical 
energy, such as the standard resistances, standard cell, resistance 
coils of the potentiometer, timing apparatus, etc. The product fE 
gives the electrical energy in terms of fundamental unite. In the ex¬ 
periments with electrical energy, the quantities actually observed are 
E and Atg, and for each experiment there is determined a value of the 
ratio E/Atg, From a series of n such determinations of E/Atg, there 
is obtained an average value of E/Atg, this average being the experi¬ 
mental determination of A/f according to eq. 26. By applying eq. 25 
to the measurements of E/Atg one may calculate 


iUi, = >/2«'.Vn(« - 1) (27) 


as an estimate of the standard deviation to be assigned to the deter¬ 
mination of A/S. 

* Thia quantity ia Bubstantfally the same aa that which has been called by many 
writers the heat capacity of the calorimeter, but the latter deugnation is not reoom* 
mended becauee it implies that the invesiintor has a knowledge of the actual physical 
boundaries of the material system to which the heat capacity is osonbed, and that the 
heat capacity of the oalonmeter may be evaluated by a summation of the heat capaci¬ 
ties of its component parts. As has uready been pointed out [10], this latter procedure 
is not admissible In modem thermoohemlcal investigations. 
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In a series of calorimetric reaction experiments, there is measured 
the amount of chemical reaction that produces, in the calorimeter, a 
temperature rise substantially equal to the selected “standard” 
temperature rise. The relation used in reducing the data of these 
experiments is 

lig = ii.tn/WR, (28) 

where Mr is the observed temperature rise, ITk is the observed mass 
of the substance (cither reactant or product) that is used to deter¬ 
mine the amount of reaction, B is the temperature rise per unit mass 
of the selected substance that determines the amount of reaction, 
and is a factor whose value is the resultant of the various factors 
required to convert the observed mass of the selected substance to the 
number of moles of the desired pure reaction, which conversion in¬ 
volves the molecular weight of the selected substance, a correction for 
any impurity in the reaction, etc. In the experiments with chemical 
energy, the quantities actually observed are Mr and Wr, and for each 
experiment there is determined a value of the ratio Mr/Wr. From a 
scries of n such determinations of AIr/Wr, there is obtained an aver¬ 
age value of AIr/Wr, this average being the experimental determina¬ 
tion of Bg according to eq. 28. By applying cq. 25 to the measure¬ 
ments of AIr/Wr one calculates 

S'ot = v'2P<Vn(n - 1) (29) 

as an estimate of the standard deviation to be assigned to the deter¬ 
mination of Bg. 

The experimental value of the heat Q of one mole of the reaction 
being studied is obtained from the relation 

Q = AB, (30) 

which can be written 

Q = {E/AtB){AtR/WR)f/g. (31) 

The ratios E/Atg and Atn/W r are evaluated in the electrical 
energy and the chemical reaction experiments, respectively, and the 
ratio f/g includes all the constant factors involved in the reduction 
of the data. In the experiments, Atg and Aig are made as nearly alike 
as possible, and since these temperature rises occur in eq. 31 only as 
the ratio Atg/Atg, the thermometer need not be calibrated in an 
absolute sense. In fact, the substitutional nature of the experiments 
can be further emphasised by reporting the values of Atg and Atg 
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in the units in which they are actually measured (microvolts if the 
thermometric device is a thermoelement and ohms if it is a resistance 
thermometer) without conversion to degrees on the temperature 
scale. 

By an appropriate analysis of the information supplied by the 
standardizing and other laboratories, the investigator may be able to 
estimate the magnitude of the standard deviations associated with the 
constant factors / and g used in reducing the data. If these estimates 
are denoted by s} and S'„ then, by comparing cqs. 18 and 31 and 
applying eq. 19, the final “overall” standard deviation to be assigned 
to the experimental value of Q is found to be 

sh = QV[j!,;,/(^//)]*+[*///]*+ [i//(>]*■ (32) 

The value of sq given by eq. 32 is seen to be derived from a combi¬ 
nation of four terms, the first from the experiments with electrical 
energy, the second from the experiments with chemical energy, and 
the third and fourth from the constant factors used in reducing the 
data. In the actual practice of thermochemical investigations, the 
uncertainties in the calibration factors to be applied to the nominal 
values of the standard resistances, standard cells, etc., are nearly 
always negligible, or can be made so by appropriate calibration at 
the national standardizing laboratory. Likewise, the correction for 
an impurity in the reaction, if any is present, can usually be made 
with negligible uncertainty by application of the appropriate analyti¬ 
cal technic in the chemical analysis of the reaction [10]. It appears, 
therefore, that by adequate calibration and chemical techniques, the 
uncertainties in the factors / and g in eq. 31 can usually be made 
negligible in comparison with those of A/f and Bg. Under such cir¬ 
cumstances the last two terms under the radical in eq. 32 may be 
neglected, and the final “overall” standard deviation to be assigned 
to the experimental value of Q becomes simply 

JQ - QVWf/iA//)]* -H [JWBal*. (33) 

B. Comparattve or secondary measuremonta 

In thermochemical investigations comparative or secondary meas¬ 
urements have so far been made only by successive comparison. In 
such experiments the heat evolved by a measured amount of the 
given chemical reaction is compared with the heat evolved by a 
measured amount of a selected “standard” or reference reaction, 
using a fixed calorimeter system with a substantially constant tern- 
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perature rise. The heat evolved per unit amount of the selected refer¬ 
ence reaction, which is chemically similar to the one being investi¬ 
gated, has been determined, in terms of fundamental units for the 
reaction occurring under certain standard conditions, in an appropri¬ 
ate standardizing laboratory. These comparative or secondary ther¬ 
mochemical measurements are the same as the absolute or primary 
ones except that the energy equivalent of the calorimeter is deter¬ 
mined not with electrical energy but with the heat evolved by a 
measured amount of the standard or reference reaction taken under 
“standard” conditions. 

The relation used in computing the energy equivalent of the calo¬ 
rimeter from the data of the experiments with the reference reaction 

cm = (34) 

is where W, is the observed mass of that reactant or product of the 
standardizing reaction which is used to determine the amount of 
reaction, M, is the observed temperature rise, C is the energy equiva¬ 
lent of the calorimeter in terms of the value and units assigned to the 
standardizing reaction, and D is the value assigned to the standardiz¬ 
ing reaction for the heat evolved per unit mass of the reactant or 
product that determines the amount of reaction when the reaction 
occurs under the conditions maintained in the experiments in the 
standardizing laboratory. In the experiments with the reference reac¬ 
tion, the quantities actually observed are W, and Af., and for each 
experiment there is determined a value of the ratio W,/At,. From a 
series of n such determinations of W,/At„ there is obtained an average 
value of W./Ai,, this average being the experimental determination 
of C/D according to eq. 34. By applying eq. 25 to the measurements 
of W,/At„ one may calculate 

thm = v/2:PiVn(n - 1) (35) 

as an estimate of the standard deviation to be assigned to the deter¬ 
mination of C/D. 

In a series of calorimetric reaction experiments, the reaction whose 
heat is to be determined is carried out under conditions substantially 
identical to those maintained in the experiments with the standardiz¬ 
ing reaction. The relation used in reducing the data of these experi¬ 
ments is 

Bg - AtK/Wn, (36) 

where AIb is the observed temperature rise, Wb is the observed mass 
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of the reactant or product of the given reaction that is used to deter¬ 
mine the amount of reaction, B is the temperature rise per unit mass 
of the selected substance that determines the amount of reaction, and 
g has the same significance as in eq. 28. In these experiments, the 
quantities actually observed are A/r and Wk, and for each experiment 
there is determined a value of the ratio A/r/Wr. From a series of n 
such determinations of A^r/Wr, there is obtained an average value of 
A/r/TFr, this average being the experimental determination of Bg 
according to eq. 36. By applying eq. 25 to the measurements of 
Ats/Wx one may calculate 

si,, = v^,V»(n - 1) (37) 

as an estimate of the standard deviation to be assigned to the deter¬ 
mination of Bg. 

The experimental value of the heat Q of one mole of the reaction 
under investigation is obtained from the relation 

Q = CB, (38) 

which can be written 

Q = (W,/^t.m«/WH)D/g (39) 

The ratios W,/M, and A^r/TTr are measured in the two series of 
calorimetric reaction experiments, the first with the standardizing 
reaction and the second with the reaction whose heat is to be deter¬ 
mined. The ratio D/g contains all the constant factors involved in the 
reduction of the data, including the value assigned for the heat of a 
unit amount of the standardizing reaction. As in the absolute or pri¬ 
mary measurements, the temperature changes are made substantially 
the same in all experiments. The statement concerning the calibration 
of the thermometer following eq. 31 is also applicable here. 

The value assigned to D, the heat of a unit amount of the stand¬ 
ardizing reaction, has been previoudy determined in a standardizing 
laboratory and carries with it a standard deviation si, estimated ac¬ 
cording to the procedure outlined under absolute or primary meas¬ 
urements. Then the final “overall” standard deviation to be assigned 
to the experimental value of Q that is obtained from these compara¬ 
tive or secondary measurements is 

Sq - Q^[s'c,d/(C/D)]* + [sh/D]* + [si/g]*. (40) 

where g and Si have the same significance as in eqs. 28 and 32. 
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If, as in the previous case, the uncertainty in the factor g is negligi¬ 
ble in comparison with the others, then this equation may be simpli¬ 
fied to 


iQ - QV[s'c/d/{C/D)]* + [fBo/BgY -b [Ji/Z)]*, (41) 

where the first two terms under the radical arise from the two kinds of 
experiments performed by the investigator, and the third arises from 
the experiments made in the standardizing laboratory. 

3. Disrussion of the procedure 

In connection with the foregoing procedure for evaluating the final 
"overall" standard deviations to be assigned to thcrmochemical 
values obtained either from absolute (primary) or comparative 
(secondary) measurements, the following points are to be noted: 

(a) If more than one set of measurements of a given kind is made, 
the means and their respective standard deviations may be combined 
according to the procedure given in Section III, eqs. 15 if; 

(b) The number of experiments in any one set should be made 
sufficiently large to insure that the estimated standard deviations ob¬ 
tained for the magnitudes A/f, Bg, or C/D (see above) reasonably 
represent the behavior of the apparatus^®; 

(c) Acceptable experiments include all except those in which a 
mistake or gross error has obviously been made, or in which an 
extraordinarily large deviation can be accounted for by purely physi¬ 
cal means. 

It is important to note also that the following assumptions have 
been made in estimating the standard deviations according to the 
procedure outlined here: 

(a) The experiments are performed under conditions corresponding 
to a state of statistical control; 

(b) The customary theory of probability, when applied to data in 
statistical control, gives in the long run the relative frequency with 
which intervals 2 ±Xs (based on the observed mean value i and the 
consistency of the data, past or present) actually overlap the mean 
of a large number of observations; 

In the inveatiffaiioiiB carried on in the thermochemlcal laboratory at the National 
Bureau of Standards (see reference [11] for a summary of most of them), the praotioal 
optimum number of experiments per set appears to be in the neighborhood of 8 to 12, 
depending upon th^articidar substance being studied, its availability in adequate 
quantities of the sufiimently pure material, etc. It is, of course, presupposed that the 
apparatus has been brought into a state of control by previous experimentation so 
that the observations recorded on the substance under investigation can be considered 
truly random. 
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(c) The limiting mean n is called the value of the quantity whose 
measurement is the purpose of the experiments. 

4. The imcertainty interval 

To each experimental value determined in the thermochemical 
laboratory of the National Bureau of Standards there is assigned a 
number representing the uncertainty interval, within which future 
determinations of the given experimental quantity may with reason¬ 
able certainty be expected to lie.“ The value adopted for this un¬ 
certainty interval is twice the final “overall” standard deviation, i.e.. 

Uncertainty interval = 2Sq, (42) 

where 5 g is given by eq. 32 for the absolute or primary measurements, 
and by eq. 40 for the comparative or secondary measurements. 

When two investigations yield, for a given thermochemical con¬ 
stant, values which differ by more than the sum of the two assigned 
uncertainty intervals, it is probable, but not at all certain, that a 
systematic error or combination of errors exists in one or both of the 
investigations. Conversely, when the two values are in accord within 
their assigned uncertainty intervals, it is probable, but not at all cer¬ 
tain, that systematic errors are absent. When two such values differ 
by more than the sum of the assigned uncertainty intervals, it is de¬ 
sirable to reexamine the data of the experiments and ascertain 
whether all the necessary constant factors (see Section V-2) have been 
included and properly evaluated, and whether the standard devia¬ 
tions assigned to these constant factors have been properly estimated. 
Need of revision may be discovered either in the numerical values of 
the constant factors, or in the standard deviations assigned to them, 
or in both. 

This assignment of uncertainty intervals to thermochemical values 
has, as a matter of record, been found to be of considerable practical 
usefulness in a number of thermochemical laboratories, and with 
appropriate limitations, their use is recommended to others engaged 
in similar work of determining thermochemical quantities. 


The authors wish to acknowledge the benefit of discussion with 
L. W. Tilton. _ 
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PALEONTOLOGY.— A paleoniscid brain case.' Theodore H. 
Eaton, Jr., Union College, Schenectady, N. Y. (Communi¬ 
cated by C. Lewis Gazin.) 

Present sources of information on the paleoniscid neurocranium 
are principally three: Stensid (1921, Birgena mougeott from the 
Spitsbergen Triassic), Watson (1925, "Ptdeontacid A" and “Paleonta- 
cid B" from the Kansas Carboniferous), and Case (1937, a paleoniscid 
similar to Watson’s "A,” from the same horizon. Upper Pennsyl¬ 
vanian, Kansas City, Mo.). A specimen of the latter t}rpe, very 
kindly lent to me by Dr. Case, is the material for the present study. 
It is no. 18565, Museum of Paleontology, University of Michigan. 

Important characteristics of the paleoniscid neurocranium, as 
shown in the papers cited, arc these: 

1 . The brain case is tropibasic, an actinopterygian feature; that is, 
the large eyes have encroached on the interorbital wall until it dis¬ 
appeared, and the brain retreated accordingly to a position behind 
the eyes and between the auditory capsules. 

2. Alsu associated with tropibasy is a myodome, a recess for the 
cranial attachment of the rectus eye muscles; this has eaten still 
farther into the brain case, beneath the anterior part of the auditory 
region on each side. 

3. The endocranial ossifications are few but extensive, particularly 
a single anterior “sphenoid,” paired “autosphenotics” forming the 
postorbital processes, and “prootico-occipitals” enclosing the auditory 
capsules (Stensid, 1921). Watson (1925) found a narrow xone of 
chondrification separating the prootic from the occipital parts. This 
was confirmed by Case and is readily visible in the present specimen. 

> Baeeiyed April 27, 1939. 
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A distinction between the parasphenoid and basioccipital may be seen 
ventrally, but in general it is extremely difficult to recognise separate 
centers of ossification. 

4. An enclosed aortic canal occurs in Watson’s and Case’s speci¬ 
mens but was not observed by Stensid, who could give little informa¬ 
tion about the occipital region of Birgeria. 

5. The spiracle is enclosed in a short canal. 

6. Two large median fontanelles occur on the dorsal side, one 
anterior, the other posterior to the synotic tectum. 

Stensid made certain comparisons with other Actinopteri and with 
Crossopterygii; Watson carried the comparisons much farther, having 
better material; Case described a nearly perfect case of the brain 
and labyrinth, but regarding externals he simply noted a close 
agreement with Watson. My study adds several details of the soft 
anatomy, by restoration, and certain interpretations not previously 
made, while the publication of Romer’s (1937) study of the brain 
case of Megalichthya improves greatly the possible comparisons with 
crosBopterygians. 

Specific features .—Since the genus and species can not be deter¬ 
mined from the brain case alone, the more significant differences 
between brain case 18565 and that of Watson’s paleoniscid A, the 
nearest to it, may be summarized here (see figures): 

1. Aortic canal: tapers caudad in 18565, expands caudad in “A.” 

2. Second efferent branchial artery: shows no sign of a groove in 
18565 but has a definite groove outside the foramen in ”A.” 

3. Groove for lateral radix of dorsal aorta: runs more anteriorly 
than laterally in 18565, but much more laterally in ”A.” 

4. Spiracular groove: continues far ventrad, nearly to the basi- 
pterygoid process, in 18565, but Watson shows none at all on the 
ventral side of “A.” 

5. Basipterygoid process: close against ascending process of para¬ 
sphenoid in 18565, but separated from the ascending process by at 
least the latter’s width in Watson’s “A.” 

There are other less significant differences of proportion of parts, 
but these show that the specimens are at least specifically distinct. 
The specimen described here is remarkably good, but not perfect, 
and it will be impossible to discuss adequately the orbit, myodome, 
snout, or anterior part of the roof of the cranium. Other parts show 
well and with little apparent distortion. For the brain and labyrinth 
see Case (1937). 

Spiracular region .—A ventral or dorsal view (Figs. 1, 2) ^ows a 
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large blunt projection on the side of the postorbital region. This is 
formed, ventrally, by the ascending process of the parasphenoid and 
is penetrated dorsovcntrally by the spiracular canal. The jugular 
canal passes through more internally, in a nearly longitudinal direc¬ 
tion, and a troughlike facet marks the position of the hyomandibular 
articulation, externally and behind the spiracular canal (Fig. 3). The 
spiracular canal opens dorsally into a fossa, which spreads caudad to 
a peciiliar deep pit located just above the horizontal semicircular 
canal. This pit in the present specimen (18565) closely matches the 
position of the external opening of the spiracle in such a form as 
Cheirolepia (Devonian), and it may be, therefore, that the dorsal 
course of the spiracular duct was drawn backward. In Amia, which 
likewise has the spiracle enclosed in a canal, there is no such dorsal 
trough in the neurocranium, and the external opening is directly 
upward, behind the eye. In Polypterua, without an enclosed spiracu- 
lar canal, there is also no such trough or more posterior pit. Yet the 
smooth and definite continuity of the trough in the paleoniscid makes 
it very difficult to imagine any other function than carrying the 
dorsal part of the spiracular duct. 

From the ventral opening of the spiracular canal a narrow but 
distinct groove runs down and forward, approaching the midventral 
line. Clearly this carried the lower part of the spiracular duct to the 
roof of the pharynx. 

The anterior face of the postorbital process forms a triangle facing 
outward, and the roofing bones must have attached to it along its 
dorsal rim. Judging from Amia (Allis, 1897) and Polypterua (Allis, 
1922) the external division of the adductor mandibulae, or a part 
of that division, originated on this triangular face. The internal 
divisions would, of course, have originated on the palatoquadrate. 
Then the distinct excavation behind this triangle, and lateral to the 
spiracular canal, housed the origin of the levator palatoquadrati 
and the smaller, more posterior dilator operculi. The levator palato¬ 
quadrati descends fanlike in Amia and Polypterua to insert on the 
dorsal edge of the palatoquadrate and anterior face of the hyomandi¬ 
bular. In all probability this arrangement had been established in the 
paleoniscids, since the amioids and Polypterini are known to repre¬ 
sent divergent lines of descent from them. All these muscles are in¬ 
nervated by the trigeminus and are therefore properly jaw muscles. 
But the dilator operculi reaches back (in Amia, Polypterua, and other 
Actinopteri) across the head of the hyomandibular and inserts, 
usually by a tendon, on the inner face of the operculum. In most of 
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these fishes the distance to reach is considerable, and the muscle is 
nearly horizontal. In the paleoniscids, however, consideration of the 
parts involved suggests a fairly short muscle, and there is no evidence 
of a distinction, at the origin, between this and the levator palato- 
quadrati. (In the development of the embryo in modern Actinopteri 
the two arise as one, but take different insertions.) In a previous 
paper (Eaton, 1939) written before seeing the paleoniscid neuro- 
cranium, I suggested that the operculum of “higher” fishes, including 
Actinopteri, might have been derived from a mandibular type of 
operculum like that found in acanthodians. If so, the trigeminus in¬ 
nervation of the dilator operculi would be explained easily by sup¬ 
posing that this muscle attached to the operculum when the latter 
articulated with the mandibular series of bones; it would then have 

ABBREVIATIONS FOR riOURBa 

A —Canal for dorsal aorta 
A M —Adductor mandibulae 
B — Basioccipital 
B M - Segmental body muBoles 
Bif B|— Branchial efferent artenes 1 and 2 
B P —Basipteiygoid process 
C —Common carotid artery 
D. F 1 ,]—Dorsal fontanelles 1 and 2 
D, O —Dilator operculi 
E C —External carotid artery 
F M —Foramen magnum 
H E —Hyoidean efferent artery 
Hm —Facet for hyomandibular 
I C —Internal carotid artery 
J —Jugular canal 
L. A —Lateral dorsal aorta 
L P —Levator palatoquadrati 

L-p, d-o —Origin of levator palatoquadrati and dilator operoub 
M.—Location of myodome 
M R —Ridge probably at edge of body muscles 
N — Notochord canal 
0 F.—Otlco-oocipital fissure 
P —Parasphenoid 
P C.—Parotic crest 
P. O.—Postorbital process 
P. P,—Faroocipital process 
S —Splracular canal 
S F.—Supraotie fossa 
S. Q —Splracular groove 
B T.—Bynotio tectum 
V. F.—Vestibular fontanelle 

I, II—Probable locations of first branchial articulations 
VII, p^Palatine branch of facial nerve 
X —Vagus foramen 
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Fin 1-5 —PaleoniHOid brain case. 1, Ventral aspect, with certain details restored. 
Length 27 mm 2, Dorsal aspect, antenor part incompletely preserved. 3, Lateral 
aspect. 4, Lateral aspect, with certain parts restored. 6, Posterior aspMt All 
figures about three tunes naturid site 
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followed the operculum back in a short migration to the hyomandib- 
ular after the hyoid cleft was reduced to a spiracle. The apparent 
shortness and obliqueness of the muscle in the paleoniscid seems to 
lend a new support to this idea, and might even have been predicted, 
since it means that the operculum was, morphologically, nearer to the 
jaw than in later types. This also shows externally in the apparent 
relations of the operculum to the dermal jaw bones. 

Running back from the facet for the hyomandibular is a strong, 
uneven parotic crest, which extends as far as the fissure between the 
otic and occipital divisions of the cranium. This crest is more promi¬ 
nent than in any other fishes, but it is also distinct in Dipnoi (Neo- 
ceraiodua) and Crossopterygii {Megcdtchihya; see Romer, 1037, Figs. 
1, 2, 5). Watson (1925) says, “It is difficult to see any reason for the 
development of the lateral ridge on the otic region, which is, however, 
quite constant in its occurrence in Actinopterygians, and forms a 
very marked distinction between these fish and the Osteolepids, 
Dipnoi and Tetrapods.” But it seems to me that the function of the 
ridge, and its presence in osteolepids and Dipnoi, may be made out 
quite clearly by considering muscle origins. In each of these groups, 
but not the tetrapods, several muscles originate behind the hyo¬ 
mandibular on the otic region, and the larger of these, the levator 
hyoidei and levator operculi (or opercularis) come from just such a 
ridge. In the Dipnoi, with the operculum and hyomandibular reduced, 
the muscle from this ridge is the constrictor hyoidei only, which acts 
in effect as the whole operculum. The parotic crest, then, forms 
the dorsal boundary of the gill chamber, and is continued back in the 
form of a paroccipital process or wing, to connect by a sheet of liga¬ 
ment with the supracleithrum and thus furnish also the median wall 
of the gill chamber. Above the ridge on the neurocranium is a recess 
for the origin of a part of the epaxial muscles. In Crossopterygii there 
is a similar ridge, but shorter, in the same place, and with a smooth 
lateral edge which doubtless provided for the origin of the levator 
hyoidei and the anterior part of the constrictor. The photograph 
published in Time (April 3, 1939) of a living coelacanth recently 
caught off the coast of South Africa shows a broad opercular flap ex¬ 
tending far back, so that the constrictor (or opercularis) muscle must 
originate largely on the fascia of the body muscles of the neck, and 
only a little on the skull. This condition is much like Neoceratodue. 
Above the parotic ridge (MegcUichthya) is a supraotic fossa, as in 
Dipnoi, obviously for epaxial muscles. In the paleoniscid there nuty 
have been no distinction, at their origin, between the levator hyoidei, 
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going to the hyomandibular, and the levator operculi (the reduced 
homologue of the constrictor above mentioned), but both must have 
been present and have originated on the lateral face of the prominent 
parotic crest. The shiny surface here indicates a large muscle origin. 
In Polypterus the two are scarcely distinct except at their insertions, 
but in Amia they are more so, and the levator operculi apparently 
forms two separate muscles. In addition, more posteriorly and ven- 
trally in the same region, there are levator muscles for the branchial 
arches, but these leave no apparent marks on the paleoniscid neuro¬ 
cranium. The only essential difference left, then, between the parotic 
crest of paleoniscids and that of other fishes seems to be that there 
was no room for any epaxial muscles to reach forward into the supra- 
otic fossa, mentioned before as the probable dorsal opening for the 
spiracular duct. 

Verdral aspect .—The ventral surfaces of the parasphenoid and 
basioccipital together have the shape of a cross, the arms of which are 
the ascending processes of the parasphenoid, each marked by a shal¬ 
low groove for the ventral end of the spiracular duct. Anterior to the 
ascending process is the orbit and the short but prominent basiptery- 
goid process, while behind, on each side, is a deep jugular fossa. At the 
side of the basioccipital occurs a small oval pit, the vestibular fonta- 
nelle (Watson) from which the otico-occipital fissure runs postero- 
dorsally (Figs. 1, 3). This fontanelle and fissure mark, evidently, the 
embryonic distinction between the otic region and the occipital 
segments added to the cranium behind it. Except during early de¬ 
velopment such a gap does not occur in the cranium of other fishes. 
The fissure continues up to the second fontanelle on the dorsal side, 
behind the synotio tectum (Fig. 2). 

The dorsal aorta was enclosed in a canal within a prominent 
median ridge of the basioccipital (Figs. 1, 6). At the anterior end of 
the canal there are two pairs of foramina, the first being for the lateral 
radices of the aorta. A groove leads anterolaterally from each of this 
first pair of foramina, indicating the course of the arteries. Just in 
front of the vestibular fontanelle a slight smoothing of the surface 
suggests the location of the hyoidean efferent; anterior to this the 
artery would be, of course, the common carotid. A small foramen 
somewhat mediad from the arterial groove is for the internal carotid; 
the external carotid would not have entered the cranium, and its 
further course can not be seen. Returning to the aortic canal, the 
second pair of foramina would, then, have been for the first branchial 
efferents. Halfway between these and the posterior end of the aortic 
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canal a very small pair of foramina emerge from the canal, which 
could only have carried the second branchial efferents, but they 
seem disproportionally reduced. Polypterua is the only living actinop- 
teran that is known to have an aortic canal enclosed in the neuro¬ 
cranium. It differs from the paleoniscid in that only the hyoidean and 
first branchial efferent arteries enter the canal, the others being 
behind the limits of the brain case. Megalichthys shows a pair of 
divergent aortic grooves in the base of the cranium, but they are 
not enclosed, and their union to form the dorsal aorta was more pos¬ 
terior than the end of the cranium. Otherwise, to my present knowl¬ 
edge, Stcnsio’s (1927) cephalaspid cyclostomes are l^e only verte¬ 
brates in which the aorta was enclosed in the neurocranium. 

A distinct oval foramen at the base of each parasphenoid wing, 
behind the spiracular groove, and lateral to the internal carotid 
foramen, is evidently for the palatine branch of the seventh nerve. 
Watson shows a foramen on the side of the otic region, postero- 
dorsal to the vestibular fontanelle and just below the parotic crest, 
for the ninth nerve, but it is not possible to see this in the present 
specimen. The surface there is partly disintegrated. The tenth 
(vagus) nerve evidently emerged from an expanded part of the otico- 
occipital fissure, also just below the parotic crest; the opening is 
double. 

In Amia the first two branchial arches attach to the cranium at 
points just in front of the proximal ends of their respective efferent 
arteries. The first one, only, articulates with the cranium in Polyp- 
tenu. The articulating end of the first branchial in each case is 
forked. The levator muscles for the arches originate laterodorsally to 
the gill chamber near the vagus foramen. In the paleoniscid it seems 
probable that the first two arches connected with the basioccipital 
close to the two pairs of anterior openings of the aortic canal, as in¬ 
dicated in Fig. 1. The location for the first one is indistinguishable, 
but that for the second seems to show as a faint ligament scar just 
behind the foramen for efferent artery 1. Presumably the levator 
muscles originated on the parotic crest just anterior to the vagus 
foramen and the otico-oocipital fissure, thus being in line with the 
serially homologous levator hyoidei plus levator operculi. 

Occipital region .—At the lateral extremity of the occiput occurs, on 
each side, a prominent knob projecting posteriorly, which has not 
been described before. This shows most clearly in the posterior view 
(Fig. 5). Comparison with other Actinopteri identifies it as a par- 
occipital process, from which a ligament extended to the post- 
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temporal. This comparison also clears up the interpretation of the 
paroccipital area in other groups of fishes. In Actinopteri, Dipnoi, and 
Crossopterygii the shoulder girdle is connected with the skull. In 
Actinopteri the connection is not only by a dermal articulation of the 
posttemporai with (usually) the epiotic, but also by a ligament run¬ 
ning from a ventral process of the posttemporai to a process on the 
pterotic (teleosts) or opisthotic (more primitive types). The latter 
process is the one described here as paroccipital. The true opisthotic 
bone, homologous with that in tetrapods, is a cartilage bone, but ap¬ 
parently in the higher Actinopteri it tends to bo crowded out by 
the dermal pterotic, sometimes erroneously called opisthotic. The 
process in question, with its ligament (which may ossify) remains in 
place regardless of which bone may form it. 

In Dipnoi (Neoceratodus) the parotic crest previously described 
continues back to connect by a short broad ligament with the supra- 
cleithrum, forming the median wall of the gill chamber. In this case 
the end of the crest from the neurocranium is obviously the paroc¬ 
cipital process, functionally the same as in Actinopteri. It has the 
same relation to the branchial chamber and to the occipital face of 
the cranium, besides attaching to the shoulder girdle. 

In Megahchthya (Romer, 1937, p. 12 and Fig. 5) there occurs a 
small knob whose morphological relations to the rest of the cranium 
arc much the same as in the palconiscid; that is, it faces posteriorly in 
line with the parotic crest, below the supraotic fossa and lateral to the 
area of greatest muscle attachment. This Romer termed provisionally 
the paroccipital process, remarking that it was "obviously an im¬ 
portant point of attachment." I do not hesitate to identify it with the 
paroccipital process in the paleoniscid, which carried a ligament to 
the shoulder girdle, and I infer that it did likewise in Megalichthya. 
The process would be rather out of the way for a branchial arch 
articulation, as only the first one or two arches probably reached the 
skull and they would have been fairly near the hyomandibular facets 
and far more ventral than this process. 

In tetrapods the arrangement of parts changes markedly on ac¬ 
count of the loss of a shoulder girdle connection with the skull and 
because the loss of the operculum and the reduction of the hyomandib¬ 
ular eliminates the levator operculi and modifies the levator hyoidei; 
the latter changes its insertion to the mandible and becomes the de¬ 
pressor mandibulae of amphibians, reptiles, and birds. There is still 
a parotic crest, essentially as in fishes, above the jugular vein. Any 
process developed on this crest or near it would be, probably, a new 
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one; such, for example, as the process to which the dorsal arm of the 
stapes articulates in some reptiles. The term “parotic process” would 
perhaps be more satisfactory here. It is sometimes, but not always, 
used. 

The area of attachment of muscles to the occipital face of the brain 
case seems to be as follows: from the dorsal rim down to the sides and 
lower corners of the foramen magnum and, ventrally, reaching for¬ 
ward nearly as far as the second pair of aortic canal foramina (first 
branchial efferent arteries); laterally the muscle area reaches to a 
curious low ridge near the paroccipital process. This ridge probably 
served for attachment of the external fascia of the epaxial muscles. 
The area as a whole, including the ventral extension forward, cor¬ 
responds very closely with that in Amia. The posterior end of the 
parotic crest forms a knob which may have provided the moat 
dorsolateral attachment for the muscle. 

Finally, turning to the dorsal aspect of the neurocranium, it is 
worth noting that the two median fontanelles are practically the 
same as in the chondrocranium of Acipenaer, but narrower. Polyp- 
terua has the anterior one divided by an “epiphysial bar,” and lacks 
the posterior one. 


SUMMARY 

1. The more important ways in which the paleoniscid brain case 
shows relationship to that of other Actinopteri are these: 

A. General. The skull is tropibasic and from the ventral side the 
parasphenoid and basioccipital appear as a cross. There is a 
pair of median dorsal fontanelles, one or both of which usually 
appear in the chondrocranium of modern Actinopteri. The 
muscles of the palatoquadrate, hyomandibular, and operculum 
appear to have been closely similar to those of Amia and 
Polypterua. A strong paroccipital process is present, indicating 
a ligament to the posttemporal as in most modern forms. 

B. Resemblance to Polypterua. The aorta occupied a closed 
canal in the basioccipital; this canal, however, formed a pro¬ 
jecting median ridge, absent in Polypterua. In connection with 
Polypterua De Beer (1937) shows that its lack of a myodome is 
evidently secondary, and is correlated with retention of the 
embryonic hypophysial foramen through the parasphenoid. 
Such a foramen is lacking in the paleoniscid, and the myo¬ 
dome, as with most other Actinopteri, is well developed. 

C. Resemblance to Amia. The spiracle is enclosed in a short 
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canal. In general the features of the brain case are sufficiently 
near to those of Amta to make detailed comparison useful, but 
this seems to be the only exclusive agreement between Amia 
and the paleoniscid. 

D. Resemblance to Acipenser. The two dorsal fontanelles of the 
paleoniscid are far more like those of Acipenser than of any 
others. 

E. Special peculiarities. There is a deep supruotic pit connected 
by a trough with the spiracular canal, and the only interpreta¬ 
tion the writer can make is that this carried the dorsal end of 
the spiracular duct. On the ventral side there is a groove for 
the spiracle, going toward the middle line. No supraotic fossa 
for the epaxial muscles is present. The otic and occipital por¬ 
tions are separated by a narrow fissure occupied by cartilage. 
The parotic crest, for the levator hyoidei and levator operculi, 
is much more conspicuous than in other Actinopteri. The ridge 
containing the aortic canal, in the basioccipital, projects dowm 
like a keel. 

2. Points of particular interest in comparison with Dipnoi and 
Crossopterygii are these: The parotic crest is shown to be present in 
the latter two classes also, and to have the same morphological rela¬ 
tions to the otic region, gill chamber, and the muscles of the hyo- 
mandibular and operculum. The paroccipital process of the paleonis¬ 
cid is identified not only with that of the Actinopteri but with a simi¬ 
lar process in Dipnoi and Crossopterygii, and the relations of the 
skull to the shoulder girdle are shown to be similar. The greatest 
contrast of the paleoniscid with these two classes is in its tropibasic 
skull, but tropibasy was achieved independently in the coelacanths. 
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ENTOMOLOGY .—Notes and descnptions of Untied States scarab 
beetles} Lawrence W. SayloR) U. S. Bureau of Biological 
Survey. (Communicated by Edward A. Chapin.) 

Since it is probable that within the near future another supplement 
will be added to Leng’s catalogue of the Coleoptera, I wish to bring to 
attention certain synonymy as well as additions to knowledge of 
southwestern scarabs. 

Phyllophaga (Phyllophaga) rossi, n. sp. Fig. 0 

Male, —Oblong-ovalp wider behind; above rufocastaneous and pilose; head 
and thorax shining, elytra slightly to moderately densely pruinose. Head 
with the clypcus transverse and flat, its apex truncate and angles rounded; 
disk with coarse, regularly placed punctures, not pilose; punctures of the 
front quite large, dense, contiguous, and scabrose, with long erect hair. 
Antenna 9-sogmented, club testaceous and subequal to funiclo in length 
Thoracic disk with scattered and sparse, lunbilicate punctures, each with a 
ve^ long erect hair; these punctures on the apical half of the disk are nearly 
twice as large as those on the basal half; lateral margin coarsely crenate and 
with veiv long cilia, basal margin obsolete; front thoracic angles acute, hind 
angles obtuholy angulate. Elytra with very fine and moderately dense punc¬ 
tures, without traces of striae except for the weakly indicated sutural stnae; 

E unctures with very small, procumbent hairs; there arc longer and erect 
airs scattered along the scuiellar area and at the apex, the lateral margins 
also have a dense fringe of cilia. Pygidium convex, polished, with moderately 
dense, coarse, umbilicate punctures, at the sides and along the base the punc¬ 
tures are smaller and contiguous; disk with a moderately dense covering of 
small seinierect hairs and also numerous very long erect hairs. Abdomen 
flattened, faintly concave at center and with sparse, fine punctures; fifth 
sternite somewhat rugose at middle and with much coarser punctures at 
sides, apical half varying from fiat to slightly longitudinally sulcate; sixth 
sternite short, transversely impressed, basal margin slightly carinate, center 
of disk with a short longitudinal sulcus All claws with a sharp median tooth, 
base hardly dilated. Hind tibial spurs free; first tarsal segment shorter than 
the second. Except for submarginat rows of ciliate punctures, the entire 
surface of the {xisierior femur is highly polished and impunctate Length 
12-13.5 mm. Width 6^7 mm 

The holotype and paratypes are from Patagonia, Ans . and were collected 
in July 1937 by E S. Ross I take pleasure in naming tne species after Mr. 
Ross, of the University of California, to whom I am indebted for many 
favors and specimens in the past Two ^ditional paratypes taken at the same 
time and place by M. A. Casier also are in my collection. The type will be 
placed in the United States National Museum on permanent loan, and one 
paratype will be deposited in the collection of Dr. M A. Sanderson, of Fay¬ 
etteville, Ark. 

This species runs to Group XV of Horn’s tables, but it is not at all close 
to any of the included species, or to any other known from the United States. 
Its closest relative appears to be the Mexican P, porodtra Bates, known from 
Guanajuato and Peras, but F. rossi differs from that species in many details 
among them the Qonelovated and nonsinuate clypcal apex, the Q-segmented 
antennae, and tho abdominal characters. 

^ Received April 26, 1930. 
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PhyUophAga submuclda LeConte 

Phyllophaga mbmtunda LeConte, Joum. Acad Nat. Soi. Philadelphia 3: 
260. 1856. 

I have three Bpeoimens of this species from Rancho La Golondrina, Rio 
Sabinas, Coahuila, Mexico, collected June 2, by Rollin H. Baker of 
College Station, Tex., and very kindly presented to me by him. Not previ¬ 
ously recorded outside of the United States 

Phyllophaga torta LeConte 

Phyllophaga torta LeConle, Joum. Acad. Nat. Sci. Philadelphia 3:230. 1856. 
Lcdchnoaterna dampfi Arrow, Ann. Mag. Nat. Hist., 11: 148 1937. (New 
synonymy.) 

G. J. Arrow, of the British Museum, has kindly compared Mexican and 
Texan examples of this species with the types of P. dampfi and reports that 
the two are the same. 1'hus the known range of P. torta is extended a good 
distance into Mexico, where it has not previously been recorded. 

Phyllophaga ignava Horn 

PhyUopkaga tgnava Horn, Tran.s Amer. Ent. Soc. IS: 280 1887. 

I have a specimen of this species from Rancho La Golondrina, Rio Sabi¬ 
nas, Coahuila, Mexico, Juno 2, 1938, collected by R H. Baker, and another 
from Nuevo Leon, Mexico, June. Not previously recorded from Mexico. 

Phyllophaga crinita (Burmeister) 

Tnehestea ertntia Burmeistcr, Hand. Ent. (2) 4: 359. 1855 
I have a good scries of this species taken at Buena Vista, Coahuila, 
Mexico, July 7, 1938, by R H. Baker, and also some from Monterrey. 
Recorded by Bates from Mexico 

Phyllophaga vetula Horn 

Phyllophaga vetula Horn, Trans Amer Pint Soc. 14: 274. 1887 
Lachnoatema longtptloaa Bates, Biol. Centr. Amer. (2) 2: 200. 1888 (New 
synonymy). 

I have cot 3 T?es of Bates's species, and they are the same as P. The 

range of P. vetula is thus extended into Mexico, where the species has not 
been previously recorded. 

Phyllophaga lenls Horn 

Phyllophaga tents Horn, Trans. Amer. Ent Soc. 14: 287. 1887. 
Ijochnoaterna anodeniata Bates, Biol Centr Amer (2) 2: 208, 405. 1888. 
(New synonymy.) 

I have compared cotypes of Bates's si^ecies with lents and the two are the 
same 

Phyllophaga fucata Horn 

Phyllophaga fiuata Horn, Trans. Amer. Ent. Soc. 15: 278. 1887. 

Phyllophaga Itnaleyt Sajdor, Pomona Joum. Ent. and Zool. 1936. (New 
synonymy) 

Phyllophaga (Tostegoptera) lanceolata (Say) 

Phyllophaga lanceolala Say, Joum. Acad Nat. Sci. Philadelphia 3:242. 1824. 
Phyllophaga lanceolaUi anzonae Von Bloekcr, Bull. Southern Califomia 
Acad, Soi. 35: 4. 1936. 
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PhyUophaga grtstana Von Blockor, 2. c,, p 5. 

Phyllophaga cazteri Von Bloekcr, L c., p. 0. 

I have diRsected paratypcs of all of Von Bioeker’s ‘‘species'’ and find that 
there is nothing to validate the names, even subspecifically. In Von Bloeker’s 
description of P. conm he says: 'The golden yellow scales and globosity of 
the female readily distinguish the species.** It is well known that in species 
(e g., Thyce fieldt Fall) ordinarily clothed with white scales the vestituro 
may frequently be yellow This color vanation, however, does not have sub- 
specific or even racial significance. Variability in gibbosity of the female of 
an^ species having short or obsolete wings also must be recognized Striking 
evidence of this and of the color variation may be seen in almost any large 
series of P. lanceolaia even if collected at the same time and place. The mide 
genitalia of all the forms described by Von Blocker are exactly like those of 
P lanceolate, as indeed his sketches show. 

Phyllophaga chippewa, n sp Fig 5 

Male - -Elongate-oval, slightly wider behind, above polished, nearly or 
quite glabrous. Clypeus and front very densely, somewhat coarsely punctate, 
clypeus flat, apex broadly and not deeply emarginatc and hardly reflexed, 
angles broadly rounded Antenna 10-segmentcd, club a little longer than the 
funiclc. Puncturation and shape of thorax, cl^Hra, and jiygidium and ab¬ 
dominal characters exactly as in P kywcht Horn Fixed spur of the hind 
tibia three-fifths as long as the free spur Tarsal claw with the tooth long 
and sharp, slightly more apical in position than in P knocht Ijcngth 18 mm. 
Width 9 ram. 

The unique male type boars the data* "Schley, Minn., Chippewa National 
Forest, taken by L W. Orr's collection crew on June 13, 1935 from Quaking 
Aspen {Populua iremidotdea), Umt 1, Plot 3 ** The type was presented to the 
United States National Museum by R, II Nagel and is deposited in that 
collection. 

P chippewa belongs in Horn's Group IX and is with diflSculty separable 
externally from P. knochi Horn; the most obvious external difference be¬ 
tween the two IS the slightly more apical tarsal claw m the new species The 
male genitalia are quite difi'crent, those of chippewa approaching closely 
the groups having bilaterally symmetrical clas)>ers while knooAt is representa¬ 
tive of those S[icoics having strongly asymmetrical genitalia 

Serica Uguxu Saylor 

Senca laguna Saylor, Pomona Journ. Ent. and Zool. 27(1): 1. 1935. 

This species was described from a unique male, and I have since seen two 
males from Idyllwild, Riverside County, CoJif, collected July 4, 1929. 

Serica elongatula Horn 

Serica elongatula Horn, Trans Amer. Ent. See. 3: 77. 1870. 

This species is one of the rarer forms of the genus; I have a goodly series 
collected by W. C. Reeves, at light, on May 26, 1937, at Independence, 
Inyo County, Cabf. The fact that the species inhabits this semiarid region 
seldom visited by collectors may account for its rarity in collections. 

Dichelonyz vlclna Fall 

Dichdonyx vicina Fall, Trans. Amer. Ent. Soo. 27: 291. 1901. 

Dichelonyx deserta Hopping, Can. Ent. 63: 236. 1931. (New synonymy.) 



466 JOUHNAL OF THE WABHINOTON ACADEMY OF BCIENCEB VOL. 20 , NO. 10 



Fig. 6.— PKyUophaga cAippatoa, n. Bp. Fig. 0.— PhyUophoga roan, n. ap. Fig. 7.— 
^ertoa cMteoenna^ n. ap. Fig. 8 . —^artea aanatagenm, n. ap. Fig. 0 —iSfBrtoa mendcta. 
n. ap. A, En face view of male genitalia; B, lateral view of same; C, same; D, doraal 
view of male genitalia; S, male antenna. 
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The e x a min ation of paratypes of both of Hopping’s species indicates that 
Z). deserta is a straight synonym of victna, the dark hairs on the head that 
Hopping mentions m the description are white hairs that had been covered 
with grease, as degreasing showed. 

Dlchelonyz vidna columbiana Hopping 

Dtchelonyx columbiana Hopping, Can. Ent. 63 : 236. 193]. 

Z). columbiana is probably valid as a m)rthcrn subspecies of D, vicina, 
since it has more oopperv reflections on the elytra and thus can usudly be 
picked from a scries of the typical form. 

Diplotaxis fall! Baylor 

Dtploiaxiafidlt Saylor, Pan-Pacific Ent. 11:35 1935. 

This species was described from two males from Victorville, Calif I have 
recently seen sj^oimens from Coalinga, Cabf ^ collected May 14 by M. A. 
Caricr and in his collection Through Air Cazier’s kindness I now have the 
female represented in my collection 

PachyplectruB laevis LeConte 

Pachypledrua laevta LeConte, Trans. Amer. Ent. Soc. 5; 54. 1874. 

I have two specimens of this rare and littic-known species, both collected 
in Mason Valley, San Diego, Calif , on March 27 Early spring emergence 
may account in part for its apparent rarity. 

Serica alleni, n sp. Fig. 2 

Male ,—Piceous to piceocaataneous, moderately sliimng, apparently 
glabrous above except for a few short d 3 i:ral hairs. Clj^us with moderate to 
coarse, rugose punctures, cl 3 rponl suture hardly indicated; apex truncate, 
widely and shallowly emarginate, lateral margins entire. Front with coarse 
irregularly placed punctures, vertex impunctate Antenna castarieous, club 
slightly longer than the funicle. Thorax moderately densely punctate, with 
a small median impunctate area. Elytra with coarse, irregularly placed punc¬ 
tures. 

Female .—Slightly more robust, antennal dub a little shorter, and abdo¬ 
men strongly convex in lateral view, but otherwise similar to male. Length 
8-9.6 mm. Width 5-6.6 ram. 

The holotype male and allotype female are from Lake Arrowhead, Calif. 
(Saylor collection), collected by Paul Allen at light on June 30, 1932, and 
will be deposited on loan in the U. 8. National Museum, Ten paratyi>es with 
the same data remain in the Saylor collection. The genitalia of alUni are 
close to laguna Saylor, but are distinct, and the body in the present species 
is more elongate and less coarsely punctate. 

Serica mendotif n. sp. Figs. 3 and 9 

Male, —Piceocastaneous, elytra strongly pruinose, clypjBus and elytra 
with a few scattered hairs. Clypeus polished, slightly tumid, disk smooth 
at sides of apex, center with coarse and dense punctures, apex truncate, with 
the center mar^ reflexed and (viewed from directly in front of the clypeus 
and on a plane with the olypeal surface) raised into a moderate peak, lateral 
angles rounded, the sides entire. Front pruinose, with moderately dense 
punctures. Antenna 9-8egmented, testaceous, club of 3^ segments, the fifth 
segment produced inwat^y into a short spine and the sixth se^ent pro¬ 
duced into an antennal leaf a little more than one-half as long as the seventh; 
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segments 7-9 inclusive slightly longer than the entire antennal stem. 
Thoracic and elytral puncturation very finQ but obscured by the pruinotdty 
of the surface. Abdomen in lateral view Romewhat flattened. Length 8-8.6 
mm. Width 4-6 mm. 

The holotype male, also numerous paratypea^ arc from ‘‘Mondota, Calif., 
collected by G T. York on April 10,1936, and May 1,1937” and are in the 
United States National Museum Designated paratypes are also in the Say¬ 
lor collection 

This species is abundantly distinct from all other described st>ecieH in our 
fauna by the 4-80Kmcntcd antennal club, shape and puncturation of the 
cl}n[)cus, and the male genitalia. 

Serica chicoenBis, n. sp Fig. 7 

3/aJf.—Light buff-testaceous, head and thorax more brownish, surface 
faintly pruinose, glabrous except for a few scattered and inconspicuous 
short hairs on the ol 3 rtra, sides of thorax, and clyijeus. Cl 3 rpeus tumid, 
densely and finely punctate, af)ex moderately sharply reflexed, lateral 
margins with a faint indication of a notch. Front finely, not densely punc¬ 
tate, vertex nearly iinpunctate Antenna testaceous, club subcqual to funicle. 
'ITiorax very finely and densely punctate, lateral margins ciliate. Elytra 
very sparsely and irregularly punctured between the lightly-impressed 
striae. Pygidium lenioii-yellow, finely densely punctate, with short erect 
hair, and some longer intercalated hair before the apex. Tjongth 7 5 mm 
Width 4 mm 

The iimque male holotype is in the United States National Museum and 
bears the data **Chico, Cdifornia, collected June 24,1937 by F. W. Turner.” 
The genitaha are quite distinct from those of any described species of the 
genus 

Serica Bandiegensis, n 8p P'lg. 8 

Male —Elongate, piceocaatanoouH above, faintly Hhining and with a very 
light pruinose bloom, glabrous except for a few scattered hairs on the 
elytra Antennal club subequal to funicle. Cl 3 r|>euH slightly tumid at middle, 
disk finely and very densely ]nmctato; apex truncate, faintly, widely and 
shallowly einarginate at the center, the angles narrowly rounded, lateral 
margins entire. Front sparsely and somewhat regularly punctate. Thorax 
finely and entirely punctate. Elytra moderately densely punctate between 
the lightly impressed striae Pygidium with short erect hair. Abdomen 
slightly convex in lateral view Claws cleft, the lower tooth much the widest 
of the two Tjongth 7 5 iiim. Width 4 mm 

The holotype male is from “San Dicfso, Calif., collected by Rickseckcr” 
and is deposited in the (3asey collection at tho United States National 
Museum; a paratype male from “San Diego, Calif. (Saylor collection)” 
remains in my collection Tho symmetrical genitalia arc not closely allied 
to those of any other described species in the country. Two other specimens 
in tho Saylor collection, a pair from “San Diego, Calif., £1 Monto Oaks,” 
arc apparently this species though possessing sUght differences which make 
it seem advisable to leave them witoout type designation. In external char¬ 
acters they are somewhat different, since the color is light lemon-yellow, 
tho clypeuB is more acuminate apically and the lateral edge of the clypeusis 
slightly though distinctly notched. The color may have l^n in part due to 
th3r specimens being coUeoted in alcohol, thouf^h this is doubtful; the lateral 
clypeal notches are luown to be somewhat vanable within a species. Larger 
senes of these £1 Monte Oaks specimens may well indicate a closely alhed 
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but distinct species based on the color and olypcal differences as weU as the 
slightly different male genitalia. 

Series aearlii n. sp. Fig. 1 

Male, —Piceocastaneous, robust, slightly shimng, clytral apex slightly 
pruinose, dorsal surface apparently glabrous. Clypeus slightly tumid, disk 
with very dense and coarse punctures; lateral margins rounded and slightly 
notched near the angles; apex widely and very shallowly emarginate Front 
with irregularly placed, somewhat dense punctures. Antennal club subequal 
to funicle. Thorax with coarse, dense punctures, those punctures of central 
basal area the moat coarse and those areas near the hind angles the most 
densely punctate. Elytra with coarse, moderately dense punctures. Pygid- 
lum with dense and very coarse punctures in basal two-thirds, the punc¬ 
tures a little more fine apically 

Female —Antennal club shorter than funicle, olherwiso similar to male. 
Length 7.5-8 mm. Width 4 5-5 mm 

The holotype male and allotype female (Saylor collection) arc from “Idyll- 
wdld. Riverside, County, Calif., collected Apnl 28, 1928, by C C Searl” 
and will be deposited on loan in the United States National Museum A male 
paratype from the same locality, collected on June 24, 1929, remains in the 
Saylor collection S scarli is closest to S lagurui Saylor, but the male gem- 
talia will readily separate the two. 

Serica cuyamaca, n. sp. Fig 4 

Male .—Dull piceocastaneous, with slight pruinose vestiture, the dorsal 
surface with siiarse, erect, and scattered hair Cly]>ous slightly tumid, very 
coarsely and nigoscly punctate, lateral margins entire, aiiex moderately 
reflexed widely and shallowly emarginate, the angles rounded. Front opaque, 
with fine and moderately dense punctures Antenna testaceous, club slightly 
longer than the funicle. Thorax with very fine, dense, and regularly placed 
pimctuH's. Puncturation of elytra very fine, strial intervals impuuctatc or 
with a few scattered and fine punctures Pygidium very finely, regularly, 
moderately densely punctate. Abdomen convex, with moderately dense, 
subprocumbent hairs. 

Female ,—Apparently the same in all essential characters as the male. 
Length 7-8.5 mm Width 4-5 mm. 

The holotype male and allotype female (Saylor collection) are from “Cuya¬ 
maca, Son Diego County, collected by Albert Watson on July 13,1934“ and 
were presented to me by the collector; those types will be deposited on loan 
in the collections of the United States National Museum. A paratype with 
the same data remains in the Saylor collection S iro/son Saylor is the closest 
describe relative of S. cuyawora, and the two may be most readily sepa¬ 
rated through the male genital characters 
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ANTHROPOLOGY .—A new type of arttficitd cranial deformation 
from Florida} T. Dale Stewakt, U. S. National Museum. 

In bis Anthropology of Florida (1922) HrdliSka states that— 

The majority of Floridian skulls show aHificial mo^dinK. There is but 
onp tyno of this: the fronto-occipital flattening; but in instances the frontal 
parts have been so little affected that the occipital compression alone is 
perceptible. 

The dogroo and frequency of the deformation differ from locality to 
locality, both diminishing in general, it appears, from north to south. . . . 
(pp SS-SS) 

A review of the material available to HrdMka in 1922 shows clearly 
that the majority of skulls was from the northern part of the State, 
especially the Gulf coast portion. Newer collections from the central 
and southern parts of the peninsula contain very few deformed skulls. 
From this fact, together with the evidence of recent archeoloipcal 
investigations, it seems evident that fronto-occipital cranial deform¬ 
ity, like many another culture trait (Stirling, 1936), represents a 
late culture thrust into the State from Georgia, Alabama, Mississippi, 
and elsewhere. Further analysis of cranial deformity in the Southeast, 
in connection with associated traits, will undoubtedly indicate the 
particular culture center from which this custom spread to Florida. 

In contrast to the fronto-occipital type of deformity characteristic 
of the skull collections from north and northwest Florida is a new' 
type from southern Florida with which this report is primarily con¬ 
cerned. This new type, for which I propose the name “obelionic,”* 
neither fits into the usual classifications of cranial deformation nor 
shows relationship outside of Florida. For these reasons it seems de¬ 
sirable to record briefly the circumstances of its discovery. 

In 1929 Mr. S. H. McCrory, of the U. S. Bureau of Public Roads, 
informed the Division of Physical Anthropology, U. S. National 
Museum, of the discovery of human remains near Canal Point, Fla. 
A letter to Mr. Howard Sharp, editor of The Everglades News, 
elicited the information that the bones had been exposed by an ex¬ 
cavating machine on the property of the Southern Sugar Co. Mr. C. 
Greenwood, the company’s superintendent of cultivation, subse¬ 
quently sent in a collection of the bones, including three reconstruct- 

^ Part of a paper read at the tenth annual meeting of the Amerloan Aeaooiation of 
Phyilcal Anthfl6polo|i8t8, Philadelphia, April ^ 1939. Published by permlseion of 
the Secretary,of the SmithBonian Institution Received Apnl 26, 1039. 

* Von Bonn has used this term in connection with a similar tvpe of deformity 
ocoarrinK in the Pueblo area (Southwestern United States), but in that can the term 
'lambdoid'* has precedence and la well eatabllehed in the literature. 
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able undeformed skulls, which Dr. Hrdliika described as “in all prob¬ 
ability the type of the pure Calusa.”* 

In response to a request for additional material a second shipment 
was received, which is described as follows in Mr. Greenwood’s letter 
of February 7, 1930; 

... it (dves me pleasure to remit to you two packages of additional remains 
[The contents of] one of these was collected from the same location as that 
of the previous remittance from which the Calusa type came [The contents 
of] the other package was dug out of a shell mound from another part of 
the plantation, several mile.s distant from where the Calusa type was dis¬ 
covered. 



There is nothing in the correspondence to show that Dr. Hrdliika 
saw this material ivhen completely reconstructed, for at the time the 
second shipment was acknowledged (February 19, 1030) he said 
merely: “We have reconstructed in part about seven of the skulls 
from the first locality and they aU show the same type. . . ’’ Perhaps 
as a result of this statement ail the material constituting the second 
shipment was accessioned together, with no indication that it was 
derived from two sites. 

Recently I had occasion to examine this material and was surprised 
to find a number of the skulls (10) exhibiting a strange kind of de- 

' Letter to Mr. Greenwood of January 17, KKIO. The contour of one of theae 
(345768) IB shown in Fig. 2. 
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fonnity. Upon segregating the deformed specimens it was at once 
apparent that they were all shell encrusted, whereas the remainder of 
the collection under this accession (with one exception) showed evi¬ 
dence of burial in “muck.” Then it was that Greenwood’s statement 
regarding two sites, several miles apart, was noted in the corre¬ 
spondence. 



Fig 2 —Superimposed lateral c<miiiur drawings of deformed (:i45889) and undoformed 
(345708) skulls About one-half natural size 

I immediately wrote to Mr. Greenwood, asking for the precise lo¬ 
cation of the shell mound (second site). Although Mr. Greenwood had 
left the sugar company’s employ in 1930, Mr. W. P. Jernigan was 
able to give me the desired information. A map (Fig. 1) is supplied 
to aid in understanding the following extract from Mr. Jernigan’s 
letter of January 2, 1939. 

The first material . . . sent you I believe came from the southwest comer 
of Section 14, Township 42, South; Kangc 37, East. It was found about 
six feet below the surface when a ditch was dug on the section line. The 
surrounding material was the same type as all the soil in this locality, i.e., 
muck or peat.. .. 

The other specimens c^e from a point about one third of a mile from the 
northwest comer of Section 10, Township 42, South; Range 37, East, and 
about 200 feet from the north line of the section The mound was of shell 
and marl and the bones were in the upper three or four feet. It is located on 
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Fig. 3.—Lateral contour drawinga of three skulls with obelionic deformalioD. 
About oue-half natural sise 
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the edge of a ridge of soft rock and marl which extends for several miles in 
a general northeast and southwest direction . . . Most of the material has 
bran used for road building. 

On my request for potsherds from the site of the shell mound, Mr. 
Jemigan sent in a collection from the surface of a canal bank located 
on the north section line of Section 10. All of these sherds are of plain 
undecorated ware characteristic of the area (Stirling, 1935), and none 
shows shell encrustation, so the culture relationship remains 
undetermined. 

As for the skulls, the characteristic alteration in lateral contour is 
illustrated by line drawings in Figs. 2 and 3.^ Fig. 2 shows one of the 
deformed skulls (345889) superimposed on an undeformed skull from 
the same locality (site 1). The deformation occurs between bregma 
and lambda, and this area appears as a plane inclined approximately 
30° to the horizontal. Compensatory changes include a broadening 
of the vault and bulging of the forehead. Presumably some recovery 
from the original degree of deformity has taken place during adult 
life. In all cases the deformation has produced symmetrical changes. 
Unfortunately, the specimens with deformation are all fragmentary 
and anthropometric comparisons can not be instituted. 

The National collections contain at least one specimen with obe- 
lionic deformation from another locality. This skull (293090) was 
collected by Dr. Hrdli6ka in 1916 on Dcmere Key, Pine Island Sound 
(West coast). Here, as at Canal Point, the bone is encrusted with co¬ 
quina, and the culture is unknowm. 

These finds raise a number of questions that can not be fully 
answered at the present time: (1) How was this deformity produced? 
(2) Did this type of deformation have an independent origin in 
Florida? (3) Is it limited to southern Florida? (4) Does it represent 
a population older than the Calusa? Obviously, before most of these 
questions can be answ'ered satisfactorily it will be necessary to locate 
and carefully excavate other sites containing these deformed skulls. 

In view of the fact that the answer to the first question will always 
remain speculative, I may be permitted an opinion thereon. Theo¬ 
retically, except where deformation is caused simply by the weight of 
the head upon a hard surface, some intentional pressure must be 
exerted to hold the head against the deforming surface. In the present 
case the point of counter pressure appears to be the chin or some part 
of the anterior trunk. Perhaps, therefore, the child was bound to the 
cradleboard in such a way that the head was pressed against an 

* I mm Indebted to Mr. Georg K. Neumann for making these drawings on his stereo¬ 
graph (Sohwari). 
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inclined endpiece. This view seems more logical than that which 
envisions a bandage passed under the chin, for the simple reason that 
the latter mechanism would have deformed the jaw also, and—there 
is no evidence of this in the present collections. 

As already indicated (footnote 2), the so-called “lambdoid” type 
of deformity in the Pueblo area of the Southwest is somew h at similar 
to the obelionic type. The difference is mainly in the degree of inclina^ 
tion of the plane of flattening. In the lambdoid type this plane is 
steeper, being about 50-60° to the horizontal. This being the case, the 
flattened plane does not extend so far forward as bregma, and on the 
other hand involves the occiput down to about inion. The method of 
production is unknown but is probably the same as that suggested 
above for the obelionic type. 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 
CHEMICAL SOCIETY 
506th meetinu 

The 506th meeting was held in the auditorium of the Cosmos Club on Thurs¬ 
day, January 12,1039, President Kracek in the chair. This meeting was the 
56th annual meeting of the Society and the 46th annual meeting of the 
Washington section of the American Chemical Society. After the reading of 
the minutes of the preceding meeting the annual rej^rte of the Secretaiy and 
the Treasurer, followed by that of the Auditing Committee (W. H. llo88> 
chairman, P. H. Qboogins, C. E. White), were read and accepted. The 
following committees were appointed to serve during 1039: Communica¬ 
tions : S. B. Hendricks (chairman), M. M. Harino (deputy chairman for 
divisional meetings^ L. W. Burz, Michael Fleischer, O E. Hilbert, J. 
I. Hoffman, Hans Lineweaver, R. S. McBride, S. N. Wrenn. Entertain¬ 
ment: S. T. ScHicKTANZ (chairman), M. A. Bradshaw, 8. Brunaubr, W 
L. Hall, E. L. Jackson, Florence B. Kino, W. B. Kunz, W. L. Lamar, 
O. H. Loeffleb, J. McLaren, C. M. Smith, E. R. Smith, W. J. Svibbblt, 
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H. G. WiBEifAim. Membemhip; J. J. Farbt (chairman), E. 0, Habnni, 
Elizabeth Hbalt, W. B. Holton, H. W. Howard, R. J. Mawhinnet, C. 
R. Naeber, R. D. Rehlet, N. K. Richtmyer, W. G. Schlecht, L. A. 
Shinn, Louise Stanley, J. B. Tomlinson, C. E. White, K T. Williams. 
Budget; J. H. Hibben (chairman), R. M. Hann, E. R. Smith, and Norman 
Bekkedahl (ex officio). Finance and Investment: Raleigh Gilchrist 
(chairman), M X. Sullivan, E. G. Zies. 

The Society was addressed by the retiring President, Nathan L. Drake, 
who spoke on Cenn and friedeltn, two peniacycltc triterpenoida. The speaker 
disoussed the results of a long series of rescarohos designed to elucidate the 
structures of these compounds, particularly in relation to the structures of 
the polyterpenoids in general. The research papers arc published in recent 
volumes of the Journal of the American Chemical Society. 

507th meetinq 

The 507th meeting was held in the auditorium of the Cosmos Club on 
Thursday, January 26,1939, President Kracek presiding This was a social 
meeting, addressed by F. London, of the Institut Henri Poincar4, Paris, 
who spoke on Supraconducltvity in aromatic molecules. The speaker discussed 
the nature of the chemical bond, with particular application to aromatic 
molecules. 

508th meeting 

The 508th meeting was held in the auditorium of the Cosmos Club on 
Thursday, February 9,1939, President Kracek in the chair. After the read¬ 
ing of the minutes it was announced that the Hillobrand Prize Award for 
1938 was to be presented at the March meeting to Raleigh Gilchrist and 
Edward Wichehs for their work on a new system of analytical chemistry for 
the platinum metals. The Society was then addressed by Professor Heller- 
man^ of the Department of Physiological Chemistry, Johns Hopkins Uni¬ 
versity; 

Leslie Hellekman: Some recent developments concerning the constitution 
and mode of actxon of enzymes, —Enzyme chemistry is a crossroads—a meet¬ 
ing ^ound for several fields of chemistry and of biology, nutrition, and 
m^cine. Enzymatic mechanisms are concerned with most of the reactions 
of biochemistry, and modem work is developing some surprises The en¬ 
zymes that recently have been most intensively studied are found to be pro¬ 
tein in character. This seems to have defined sharply the proposition that 
enzymatic catalysis is catalysis superimposed upon the complexities of pro¬ 
tein chemistry; it also provides a more rational basis for the control of 
enzyme actions in expemnental work. The older speculations regarding the 
nature of enz 3 rmes arc finding limited support in current investigations upon 
the enzymes and coenzymes (“pyridine and flavin nucleotides,” pjrophos- 
phorylated vitamin Bi, adenosine phosphates) concerned in biological oxi¬ 
dation-reductions. Modem work seems to be clarif}dng the role of the coen- 
z^es; also the nature of the catalysts concerned with the action of oxygen 
Inc several recognizable factors underlying the control of biological cataly¬ 
sis are well illustrated on the one hand by the process of formation from their 
inactive precursors of the oiystallizable protein-enzymes of digestion, and 
on the other by the behavior of certain hydrolytic enzymes and other prin¬ 
ciples with respect to reversible ohemic^ processes, such as oxidation-re¬ 
duction and probably metal-complex formation The nature of enzyme spe¬ 
cificity is well illustrated by the arginine-splitting enzymes. (Auihoi^s ob- 
sfTBCf.) Raymond M. Hann, Secretary 
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(^littuatte£( 

Jacob Goodals Lipuan died at New Brunswick, N. J., on April 19, 
1039. He was bom at Friednchstadt, Russia, Noveml^r 18, 1874, but spent 
his early youth on a New Jcrsev farm His undergraduate studies were made 
at Rutgers University, where he obtained his B. S. degree in 1898. For the 
next two years lie served the New Jersey Experiment Station as assistant 
chemist and then entered Cornell University for his graduate studies^ re¬ 
ceiving his Ph, D. degree in 1903. For his distinguished services to agricul¬ 
ture he was awarded an honorary degree of D. Sc. by Rutgers University in 
1923 and an honorary Ph. D. by the Catholic University of Santiago, Chile, 
in 1930. 

After serving his alma mater in various capacities as soil chemist and bac¬ 
teriologist, he was appointed director of the New Jersey Agriculture Experi¬ 
ment Station in 1911 and dean of agriculture in 1915, both of which positions 
he occupied at the time of his death. Although charged with heavy admin¬ 
istrative duties, Dr. Lifman not only remained actively engaged in research 
but found time to serve as editor-in-chief of Soil Science, a journal he found¬ 
ed in 1915. He was editor also of the Agricultural Series published by John 
Wiley & Sons and contributmg editor of Annales Agronomtques, Pennsyl¬ 
vania Farmer, Chronica Boiantea, and Wissenschafthches Archiv fUr Land- 
wirischafi. 

Dr Ltfman’s publications constitute a long list of technical papers on 
soils, soil bacteriology, and agronomy. He was a corresponding member of 
the Swedish Royal Academy of Agriculture, French Academy of Agricul¬ 
ture, and the Cxechoslovakian Academy In 1922, 1924, and 1926 he was a 
delegate to the International Institute of Agriculture at Rome and in 1927 
was president of the International Congress of Soil Science. He held mcm- 
bersUp m the Academy and the following organizations: American Chemical 
Society, American Society of Agronomy, Association of Official Agricul¬ 
tural Chemists, American Society of Bacteriology, American Public Health 
Association, Association of Land Grant Colleges and Universitites, Ameri¬ 
can Academy of Political Science, American Acatlemy of Arts and Sciences, 
Soci^t(^ de Chimic Industrielle, Reale Accademia dei Georgofili di Firenze, 
and International Society of Soil Science. 


Joseph Grinnell, director of the Museum of Vertebrate Zoology and 

E rofessor of zoology at the University of California in Berkeley, died at his 
ome in Berkeley, Cahf., on May 29, 1939. Dr. Grinnell was born on 
February 27, 1877, at Old Fort Sill, Indian Territory, in what is now Okla¬ 
homa, where under frontier conditions he lived during childhood. He at¬ 
tended high school in Pasadena, Calif , and in 1897 received an A.B. degree 
from Throop Pol 3 rtechnic Institute. This was followed by graduate work at 
Stanford University for which he received the degrees of A.M. in 1901 and 
Ph.D. in 1913. He was an instructor at Stanford from 1900 to 1902 and taught 
at Throop from 1903 to 1908, during the last three years as professor. 

To his colleagues and students of this present day Jobefh Gbinnbll is 
associated always with the Museum of Vertebrate Zoology, founded at the 
University in Berkeley in 1908 by Miss Annie M. Alexander and sup¬ 
ported generously by her in the years that have followed, both in funds and 
in personal interest. Dr. Grinnell was chosen ^rector at the beginning and 
continued in this post with attendant professorial duties until his death. For 
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years he was active in the Cooper Ornithological Club and from 1606 was 
editor of its journal, The Condor. As hia field for research Grinnell chose 
western North America, from Alaska to Baja California, and to taxonomic 
and ecological studies of the vertebrates of this region he devoted his active 
life. While best known for his work in birds, partly perhaps because of bis 
editorship of The Condor, he was an authority as well on amphibians, reptiles, 
and mammals of this vast region. The museum established under 1^ charge 
has grown until it is today the most important research center in vertebrate 
zoology in the West, and for many years it has been a place for trmning 
graduate students in this subject. Grinnell himself became the outstand¬ 
ing figure in the Western United States in this field, with international repu¬ 
tation His published works number about 550 separate titles. 

Joseph Grinnell was a scholarly man of quiet tastes and sensitive na¬ 
ture, with which he combined firmness of mind and constant industry in the 
field of his interests. He oared little for honors demanding public appearance 
and avoided them under ordinary circumstances He was exacting and me¬ 
ticulous of detail in his work, and hia influence has been potent in the devel¬ 
opment of his chosen field, both through his own considerable contributions 
and through his training of others. 


Wendei.l Clat Mansfield, geologist of the Geological Survey, died at 
his home in Washington, Jul]^ 31, 1939. He was born at Charlotte Center, 
N. Y., June 9, 1874, He received the degrees of Bachelor of Science from 
Syracuse University in 1908, Master of Science from George Washington 
University in 1913, and Doctor of Philosophy from the same institution in 
1927. He came to Washington in 1910 as a preparator of fossils in the Geo¬ 
logical Survey, by which organization he was employed continuously until 
hia death Doctor Mansfield, whoso chief field of work was in paleontology, 
was an authority on the late Tertiary Molluscs of the Southeastern States, 
particularly of Virginia, the Carolinas, and Florida. He contributed many 
articles about fossils to this and other journals, and was the author of two 
professional papers of the Federal Geological Survey and of four bulletins of 
the Florida Geological Survey. Doctor Mansfield was a member of the 
Academy, the Paleontological Society, the Geolo^cal Society of America, 
and of the Geological, Biological, and Paleontological Societies of Washing¬ 
ton. 
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PALEONTOLOGY.— Two new genera of Carboniferous inadunate 
crinoida.^ Edwin Kirk, U. S. Geological Survey. 

In a former communication to this Journal (Kirk, 1038) several 
crinoid genera were discussed. These genera centered about Zeacnnus, 
either through genetic affinity or because of assignment of some of 
their species to that genus by authors. Two new genera, closely relat¬ 
ed to some of the ennoids dealt with, were omitted owing to nomcn- 
claturial uncertainties. The location and examination of the type 
specimen of an early and obscure species resolved these difficulties. 

In the meantime, a new genus, Xystocrinus, has been made by 
Moore and Plummer. The tj^e species chosen, Cyathoennus depressus 
Troost, is a typical Zeacrinus. Following a long series of errors by 
authors, Moore and Plummer seem to have had an erroneous idea of 
the species they chose as type, confusing it at least in part with Tholo- 
ennus sptnoaus (Wood). 

The name Zeacnnus depressus (Troost) has had a curious history. 
The type specimen of Zeacnnus depressus during Wachsmuth’s life¬ 
time was in Hall’s Museum at Albany and inaccessible. The only 
means of identification were the description and excellent line draw¬ 
ings in the Iowa report. Someone, perhaps Wcushsmuth himself, de¬ 
cided that certain crinoids from Sloans Valley, Ky., were Zeacrinus 
depressus and referred them to Hydreionocrinus. Thus, when Wether- 
by (1881, p. 325 (2), pi. 9, figs. 1-4,6) figured the species he called it 
H. depressus under protest, citing Wachsmuth as authority. In the 
meantime the large series of similar specimens in the Wachsmuth and 
Springer collection carried the depressus label in Wachsmuth’s writ¬ 
ing, which has remained to this day. Springer (1026, pp. 88, 90, pL 
26, figs. 1-12) briefly described and very fully illustrated this species 
as H, depressus. This work was done away from the collection and 
with limited access to the literature. Springer had the type specimen 
of Zeacrinus depressus in the same drawer and must have known that 
the two forms were neither oonspecific nor congeneric. It was a most 

‘ Published by permission of the Director of the U. 8. Geologtoal Survey. Re¬ 
ceived June 2, 1030. 
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unfortunate mistake. Moore and Plummer (1038, p. 271) proposed a 
new genus Xyatocrinus, with 2eacrinua depreasus (Troost) ("Hall”) 
as genotype. As illustrations of the species they gave pen and ink 
drawings of two of Springer’s hgtires. The type of Zeacrinua depreaaua 
was examined by both Moore and Plummer, and it is strange they 
followed the lapsus of Springer. 

Thirty years ago Wood (1909, pp. 92, 93, pi. 11, figs. 6-8) gave 
excellent illustrations and description of the type specimen of Zea- 
crinus depresaua, referring it to Hydreionocrinua. For Wetherby’s spe¬ 
cies referred to H. depreaaua by Wachsmuth, the history of which has 
been outlined above. Wood gave the new name H. apinoaua. 

There has appeared recently a much-needed revision of the genus 
Zeacnnua by Sutton and Hagan (1939). A few species referred by 
them to Zeacrinua will have to come out. In particular, the species re¬ 
ferred by me to my genus Eratocrinua, to which they take exception 
(p. 87), are certainly not referable to Zeacrinua, They do, however, 
agree very well with E. elegana (Hall). It should be noted that two of 
the "species” listed by Sutton and Hagan, E. ramoaua (Hall) and E. 
trooatanua (Meek and Worthen), are based on immature individuals 
and might possibly fall into synonymy. 

The ascription by Sutton and Hagan and most authors of the geno¬ 
type of Zeacrinua, Zeacrinua magnoliaeformia, to Owen and Norwood 
1847 (not 1846 as cited) is incorrect. In this paper Owen and Norwood 
figured a specimen of Zeacrinua magnoliaeformia but in the text (1847, 
p. 5) merely called it "the beautiful Encrtntte, fig. 13.” The correct 
citation is that given by me (1938, p. 160). The authority for the ge¬ 
nus and species as of Troost can not be got around. The footnotes of 
Hall (1858, p. 544) seem to have escaped authors generally and vali¬ 
date Troost’s names under any prevailing code. 

The spiecies here referred to the two new genera proposed are those 
in regard to which I feel reasonably certain, either from examination 
of the types or well-authenticated specimens. Daaiocrinua apinoaua 
(Owen and Shumard) is of special interest. The original figure was 
very poor, and the species was cited by Wachsmuth and Springer as 
"undeterminable.” The type specimen has been found at the Walker 
Museum of the University of Chicago and proves to be a splendidly 
preserved crinoid. 

Tholocrinus, n. gen. 

Genotype.—Hydreionocrinua spvnosua Wood. 

Generic dtagnoaia — 

Crown. Subcylindrical, short. 

Dorsal cup. Depressed, bowl-shaped, with invaginated base. 
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IBB. Small, within basal pit, and oonoealed by column. 

BB. Of appronmately equal width and height, except post B, which is 
proportionally higher. Proximal portions of BB take part in basal pit. 

RR. Large. Articulating suture extending full width of R, elightly curved, 
not gaping. 

IBr. One in ^1 rays, except the anterior, which is variable. Here there may 
be one, or a IBri, separated from the lAx by a set of biserial or inter¬ 
locking Br. In such case the structure is essentially that of the lIBr 
series and is probably homologous, the structure of the anterior ray rep¬ 
resenting a suppression of onc-balf the division usually taking place on 
the IBri. The IBr tend to be nodose or spinose. 

Arms. The arms are short, stout, and endotonious. The axillaries are rela¬ 
tively large and tend to be nodose. Following each Ax the first brachial 
is relatively large. Between it and the succeeding Ax the brachials inter¬ 
lock or have a biserial arrangement. Tho Br of the admedian rami are 
biserial or nearly so 

Post IR. Three an^ plates in cup. RA large, not penetrating deeply be¬ 
tween post B and R post B, meeting R post B on narrow face and post 
B on a much longer one. X meets post B on a wide, horizontal face and 
rises above the level of the RR. RT is largo and extends well above the 
level of the RR. 

Ventral sac The ventral sac is proportionally very large Distad it con¬ 
tracts somewhat to about one-h^ its height, then expands, giving the 
sac an elongate hourglass shape. Tho opening lies a^ut ono-half the 
height of the sac. The sac is capped by a low-arched structure, consist¬ 
ing either of spinose plates alone or spinoao marginal plates separated 
at the margin by smaller nonspinose plates and by a central group of 
sm^ler plates. 

Charactertstxc species of the genus — 

Tholocrinus armlger (Meek and Worthen), n. comb. 

Potenocnnites (Zeaennuaf) armtger Meek and Worthen, p 27, 1870. 

"Chester, Pope County, Illinois.”—Meek and Worthen, p. 547, pi. 21, 
figs. 3a, b, 1873. 

Hydretonocrinua armtger Wachsmuth and Springer, p, 131 (356), 1880. 

Tholocrinus spinosus (Wood), n. comb. 

Hydretonocrinua aptnoaua Wood, in Troost, p. 93, 1909. 

In error 

Hydreionoertnua depreaaus (Troost) Wetherby ("Wachsmuth non Wether- 
by”), P. 326 (2), pi. 9, figs. 1-4, 6,1881.—Wachsmuth and Springer, p. 
245 (169), 1886.—Spnnger, pp. 89, 90, pi. 26, figs. 1-12, 1926. 

Xyaioertnua depreaaua Moore ana Plummer (part), p, 269, fig. 21, 1938. 

Tholocrinus wetherbyl (Wachsmuth and Springer), n. comb. 

Hydretonocrinua weiherhyi Wachsmuth and Springer, p. 245 (169), 1886. 

In error 

Hydreionoertnua armtger (Meek and Worthen) Wetherby ("Wachsmuth non 
Wetherby”), p. 328 (6), pi. 9, figs. 7-11, 1881. 

Geological and geographic dtalnlmfton.—^The genua is widely distributed in 

Mississippi Valley and Kentucky, where beds of upper Chester are found. 
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Relationships,—Tholocnnw probably has ita nearest relationships with 
Ltnoertnus, It differs chiefly from Linoertnus in the flattened, epinose mush¬ 
room-shaped diHtal portion of the ventral sac, the smoothness of plates, the 
more advanced stage of evolution of the anal plates, and in having biserial 
or nearly biserial arms. From Hydretonoertnus it chiefly differs in the 
smoothly rounded cup with invaginated base and in its endotomous arm 
structure os against wliat may bo called the ectotomous arms of Hydreiono^ 
ennus 

DasciocrinuB, n. gen. 

Genotype —Cyolhoennus florealts Yandell and Shumard 

Generic diagnosis ,— 

Crown Subcylindricali high. 

Dorsal cup. Depressed-turbinate, with invaginated base. 

IBB Small, concealed by column within small basal pit. 

BB. Relatively small, the proximal portions taking part in the basal pit. 
RIl. Jjarge. Articulating suture extends full width of R; linear, gaping. 

IBr. One in all rays, tending to be nodose or spmosc. 

Arms. Long, Hlonder, ondotoinous. with few divisions. The first division 
above the main dichotom is hign above the lAx, giving a large number 
of II Br. In the ant R there tend to be fewer divisions, which arc more 
nearly isotomous All axillarica tend to be oodoae, Br cuneate. 

Post IR Three anal plates in cup RA large, elongate, penetrating deeply 
between and nwtmg upon post and r post BB X relatively small, nar¬ 
row, meeting |>fjst B on a narrow face or separated from it. RT small, 
meeting RA on a very narrow face. 

Ventral sac The ventral sac is os long as the arms or extends somewhat be¬ 
yond them. Sjnnose processes commonly occur on a few of the distal 
plates of the sac, three or four being the usual number. The anal open¬ 
ing is lateral in jwsition and lies near the distal end of the sac. 

Characiertsitc species of the genus - - 

DasciocrinuB florealis (YandcU and Shumard), n. comb. 

Cyaihoertnus flonalts Yandell and Shumard, p. 24, pi fig 1, 1847. 

“Grayson Springs, Kentucky." (Upper Chester, Glen Dean.) 
Potenoennus florealts Shumard, p. 217, 1855. 

Zeaennus florealts Shumard, p 399, 1866.—Wachsmuth and Springer, p. 
128 (353), 1880 

Pachylocrinus florealis Springer, p. 72, pi. 16, figs. 8, 9, 1926. 

DasciocrlnuB spinifer (Wetherby), n. comb, 

Scapkiocnnus spimfer Wetherby, p, 157 (14), pi. 6. fig. 5, 1880. 

“Pulaski CJounty, Kentucky, Kaskaslaa (Chester) Group." (Glen 
Dean.).—Wachsmuth and Springer, p. 236 (160), 1886. 

DasciocrlnuB BplnoauB (Owen and Shumard), n. comb. 

Poterioennus sptnosus Owen and Shumard, p. 91, pi. 11, fig. 4, 1852 —Owen 
and Shumard, p. 596, pi. 5b, fig. 4, 1^2a, “Archimedal layers of the 
carboniferous limestone of Kaskaskia, Illinois." Associated with “Pen- 
tremites florealts, P pynformis, . . . and Potenoennus (Zeacrinus) mag- 
noli^formts Troost." 

Zeacrinus epinosus Shumard, p. 399,1866. 
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Geologic and geographic diairthtUton, —^The genus is vridcly distributed in 
the Mississippi Valley and in Kentucky in beds of Chester age. There is an 
undescribed species in the Stc. Grenevieve near Huntsville, Ala 

Relationahtpa,—Daactoertnua is related to TholocnnuSf from which it 
difiFers chiefly in its long, slender crown and arms; lack of a pronounced 
terminal mushroom expansion of the ventral sac; and the depresbed turbi¬ 
nate cup as compared with the smoothly rounded cup of Tholocnnua, 
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BOTANY.— Arizona plants: New species, varieties, and combinations.^ 
Thomas H. Kearney and Robert H. Peebles, U. S. Bureau 
of Plant Industry. 

The writers have in preparation an account of the flowering plants 
and ferns of the State of Arizona, to which specialists in some of the 
more difficult families and genera are contributing treatments of the 
groups with which they are familiar. The object of the present paper 
is to publish in advance such new species, varieties, and combinations 
as it has seemed advisable to recognize. Several of our collaborators 
have contributed descriptions of new forms, or new names and com¬ 
binations, but unless it is otherwise stated, the present writers are 
responsible for the novelties enumerated in this paper. 

Agave panyl Engelin. var. couesil (Engclm.), comb. nov. 

Agave couent Engelm. in Treleaso, Ann. Rep. MiBsouri Bot. Garden 22: 94. 
1911. 

Similar to A, parryi except for the less closely imbricate rosette, the nar¬ 
rower, more gradually pointed leaves, and usu^y smaller flowers. 

Agave Bchottii Engelm. var. treleasei (Tourney), comb. nov. 

Agave treleaset Tourney, Ann. Rep. Missouri Bot. Card. 12: 75. 1901. 

A rare form, diHtinguiohed from A. sehottn by the dark-green, exception¬ 
ally wide, and nearly flat leaves. 

Sisyrlnchium demissum Greene var. amethystinum (Bicknell), comb. nov. 

Stsyrinchiwm amethystinum Bicknell, Bull. Torrey Club 28:581.1901. 

Apparently differs from typical S. demissum only in size of plant, width 
of leaves, and size of flowers; and the intergradation seems to be complete, 
in Arizona. 

Sisyrlnchium longlpes (Bicknell), comb. nov. 

Hydastylus longipes Bicknell, Bull. Torrey Club 27:382.1900. 

In the writers’ opimon, Salisbury’s genus Hydastylus is entitled to only 
subgeneric rank. 

Phoradendron bolleanum (Seem.) Eichler var. capltellatum (Torr.), 

comb. nov. 

Phoradendron capiteUeUum Torrey, in Trelease Monogr. Phoradendron 26, 
pl^. 17.1916. 

The more copious pubescence and the greater reduction of the first (or 
only) intemode of the fruiting spike seem to be the only characters by which 
this form can be distinguished from typical P. boUeanum. 

Erlogonum mearnail Parry var. pulchrum (Eastwood), comb. nov. 

Eriogonum pulekrum Eastwood, Proc. California Acad. Sci., ser. 4, 20:139. 
1931. 

The variety differs from traical E. meamsii only in the persistence of 
loosely lanate pubescence on the upper leaf-surface. 

* Reealved June 10, 1939. 
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EurotU laiuita (Pursb) Moq. var. subsplnosa (Rydb.), comb. nov. 

Eurotia aubaptnosa Rydb., Bull. Torrey Club 30: 312. 1012. 

This fonn differs from typical E. lanoia in havinR more pronouncedly 
woody stems, more spreading branches, and hairs with few or no greatly 
elongate rays, but these characters arc not closely correlated and many of 
the Arizona specimens are intermediate. 

Mirabilis longlflora L. var. wrightiana (A. Gray), comb. nov. 

Mtrabtha wrighiuxna A. Gray, in Britton & Kearney, Trans New York Acad. 
14: 28. 1894, 

Typically, this form is distinguished by the merely pubcrulent, scarcely 
viscid herbage and in having all of the leaf-blades distinctly petioled, but 
these characters are not always associated and there is complete intergrada¬ 
tion in Arizona material. 

OzybaphuB linearis (Pursh) Robinson var. dedpiens (Standley), comb. nov. 

Alhoma deetptena Standley, North Amcr. Flora 21; 223 1918 

Var. deetptena intergradea freely with typical A Itnearia but is more or 
lesa distinguishable by the more distinctly petioled leaves, broader leaf- 
blades, and less glaucous sterna. 

Boerhaavia erecta L. var. intermedia (Jonea), oomb. nov. 
Boerhaatna intermedia Jones, Contr. West, Bot. 10:41. 1902 

The variety has somewhat smaller fruits and usually more compact and 
more umbelliform inflorescences than typical B, erecta, but there is too much 
intergradation to justify maintenance of B, intermedia as a species. 

Abronia angustifolia Greene var. arizonlca (Standley), comb. nov. 
Ahronia anzontca Standley, Contr. U. S, Nat. Herb 12: 319. 1909. 

Differs from typical A, anguaitfolxa of New Mexico in the broader leaf- 
blades and usually more copious pubescence. Specimens without fruit are 
sometimes difficult to distinguish from A vtUosa S. Wats. 

Cerastium nutans Raf. var. obtectum, nom. nov. 

Cerastium aericeum S. Wats., Proc, Amer. Acad. 20 : 354. 1885. (NonPourr., 
1788.) 

In its extremely sericeous aspect, this form appears distinct from C.nu- 
tana, but the intergradation in pubescence is complete in Arizona specimens. 
The two forms are not constantly distinguishable by the seed-characters 
mentioned by Robinson (in Gray, Syn. Flora N Amcr. 1: Pt. 1, 230. 1897). 

Arenaria sazosa A. Gray var. mearnsii (Woot. and Standi.), comb. nov. 

Arenaria meamsii Woot. and Standi., Contr. U. S. Nat. Herb. 16:121.1913. 

Var. meamati is characterized normally by a longer-stemmed and mote 
open plant with longer, narrower leaf-blades than in typical A, aaxoaa, but 
specimens of intermediate character are of frequent occurrence. 

Arenaria eastwoodiae Rydb. var. adenophora, var. nov. 

A forma typica A. eaaiwoodiae caulibus et sepalis plus minusve glanduloso- 
puberulentibus distinguitur. 

Type: Peehlea db Fidton 11866, Tuba, Coconino County, Ariz., altitude 
5,000 feet (U. S. National Herbarium No. 1034608). This form grows in 
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sandy soil in northeastern Arisona, where it is more common than typical 
A, eastwoodiae. 

The presence of glandular puberuicnee on the stems, especially in the in¬ 
florescence, and on the sepals, at least toward base, seems to be the only 
(diaracter differentiating this variety from the typical form of the species. 

Delphinium andesicola Ewan, sp. nov.* 

Herba perennis caulibus strictis robustis, 1-2 m aJtis, e radice elongati 
lignosa, simplicibus vel ad basiin paucis, caesiis, puberulentis; foliis impri¬ 
mis caulibus, tri- vel quinquepartibus segmentis amplis, 15-20 cm latis, 
ouneato-rhomboidis vel -obovatis dentatis longioribus deinde subglabris, 
modiis |:^tiolis 6-9 cm longis; racemis elongatis atque remotifloribus, 25-35 
cm longis; floribus numorosis, pedicellis puberulentis ascendentibus vel di- 
varicatiB 2-3 cm longis, sepalis atro-caeruleis atque ovalibus subacutis, 9-12 
mm longis, extus cinereo-puberulentis, petalis suporioribus asureis vel fere 

f iallidis, inferioribus oblongo-ovatis, emar^natis, subniger, albo-villosis; fol- 
iculis oblongibus, 10-14 mm longis, cuspidc setoidiis, seminibus 2.5-3 mm 
longis anguJatis angustis alatis 

Type; J. C. Blumer 136, Sept. 13, 1906, Barfoot Park, Chiricahua Moun¬ 
tains, Cochise County, Ari* (Herb. Univ. Ariz.). One sheet in flower, an¬ 
other in ripe fruit, both bearing same data. 

A medium to tall stout erect perennial, 1-2 m high, from a stout woody- 
fibrous deep-seated rootstock: stems simple or few from the rootcrown, leafy 
to the racemes, purplish, with a uniform fine puberulence; leaves pr^omi- 
nantly caulinc, the basal similar, withenng at flowering time, appearing 
glabrous but thinly microscopically puberulent, the principal cauline leaves 
of 3 or 5 cuneate-rhomboid or -obovate divisions, these again pinnatifid dis- 
tally into narrowly oblong few-toothed long pinnae, the teeth acute, the 
proximal half of the division-blade entire and gradually narrowed below, 
the segments 10-15 mm wide at base of the lobes, the midcauline petioles 6- 
9 cm long; racemes elongate, open, 25-35 cm long; flowers numerous, on as¬ 
cending or spreading puberulent pedicels 2-3 cm long, their sepals dull ashy- 
or dark-blue, ovate, barely acute, 9-12 mm long, cinereous-pubcrulent thinly 
so at anthesis, the upper petals pale blue, the lower petals oblong-ovate, 
notched (winus 1 mm deep), blue-purple, moderately white-villous; follicles 
oblong, obscurely vcnulose, JO-14 mm long, with short thin pricklelike cusp; 
seeds 2.5-3 mm long, the angles narrowly winged. 

Grows in swales on slopes covered with open forest of Pinua jwnderoaa, in 
the Chiricahua, Huachuca, and Santa Rita Mountains, at elevations of 5,000 
to 8,500 feet. Other collections examined: TopotyM, Blumer 1373; Hua¬ 
chuca Mountains; Garden Canyon, Harrxson and Kearney 6770; Ramsey 
Canyon, Jones 24847 (sheets vary widely among herbaria). Santa Rita 
Mountains: fToofon, Sept 30, 1913; Madera Canyon, PeehUe and Hamaon 
2958; Stone Cabin Canyon, Thomb^, July 15, 1903, 

Delphinium siem-blancte Wooton subsp. amplum Ewan, subsp. nov.” 

A D. aierra^lancae f. iyptco caulibus subglabris stramineiH, foliis triparti- 
bua se^entis ampliore atque latiore ouneato-obovatis dentatis brevionbus 
ad baam integris differt. 

Type: Kearney and Peeblea 12274, White Mountains, 6 miles south of Han- 

* Contributed by Joseph Ewan, University of Colorado. 

’ Contributed by Joseph Ewan 
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nigan Meadow, 9,600 feet, Greenlee Ckiunty, Aris., August 11, 1035 (U. S. 
National Herbarium No. 1651077). 

Stems subglabrous at least below, usually light colored; leaves darker 
green, more ample, 3-parted into broader sei^ents, these cuneate-obovate, 

E piimatifid distaily into short few-tootnod or entire pinnae, the teeth 
.)tly or barely acute, the proximal portion nearly oblong, entire and less 
abruptly narrow^, the segments 18-27 mm wide at base of the lobes. 

Wet creek bottoms of mountains about the headwaters of the Salt River 


and along the upper Gila River, from Mount Graham north to White Moun¬ 
tains, at elevations of 6,500 to 9,500 feet. Other collections examined: Mount 
Graham, 8,000 ft., Ktamey and PeMes 9810 ; same loc,, 9,000 ft., Kearney 
and Peebles 9868; Thompson Ranch, Black River, White MountainH,G'ooc{- 


diM 564. 

Delphinium andeetcola, most often identified 


scopulorum^* or “Z) 


ecopulorum stachydeumf* is apparently more closely related to the poorly 
known D. ienuxeectum Greene of the Sierra Madre Occident&l of Mexico than 


to D, scoptdorum Gray. Ddpktntum andeatcola has a natural floristic range m 
southeastern Arizona. Delphinium scopulorum is in reality a fairly local spe¬ 
cies though currently misinteipretcd as a widespread paludose larkspur of 
virtually the whole of western North America. So far as known it is confined 
to New Mexico in its t 3 rpical form. 

Delphinium sterrorhlancae Wooton is based on E 0. Wooton's collection 
from Gilmore Ranch, White Mountains, Lincoln County, N. Mcx., at 7,500 
feet, July 27, 1901; the t 3 rpo (New Mexico Coll Agr. and Mcch. Arts, State 
College, N. Mcx) has been studied The subspecies amplum occupies the 
White Mountains of Arisona where it replaces the species. From D andesi- 
cola of more southerly distribution, D. sterra-blancae may be recognised by 
its acute unhooded sepals. 


Aconitum columbianum Nutt. var. glaberrlmum (Rydb.), comb. nov. 

Acontium glaberrimum Rydb., Bull. Torrey Club 29: 151. 1902. 

The glabrous stems and glabrous or nearly glabrous leaves ore apparently 
the only distinguishing characters of this form 


Berberis harrisonlana, sp. nov. 

Frutex 0.5-0.7 m altus; folia palmate-trifoliolata, foliolis sessilibuB rhom- 
boideo- vel triangulari-cuncatis conaceis laete-viridibus non glaucis subtus 
vix pallidioribus dentibus spinosis magnis triangularibus 1 vel 2 utroque 
latere, foliolo terminali 3-5 cm longo 2 5-3.5 cm lato petiolum acquanto vel 
suba^uante; inflorescentia brevis corymbiformi-racemosa; scpala interiora 
petalis majora plus minusve 6 mm longa; filainenta apicem versus bidentata 
dentibus divergontibus calcaribus sinulibuB; baccae globosao vel subo- 
voideae nigro-cocruleae Bubglaucae 5-6 mm diametro. 

Type; Peebles and Loomis 6768, in a canyon of the Kofa Mountains, Yuma 
County, Anz., March 31, 1930, in fruit (U. S. National Herbarium No. 
1468221). Known only from the type locality, where it was collected in 
flower on February 26,1932, by R. E. Beckett (No. 9079). 

The outer hark is pale brown on the branchlete, gray on the older stemB 
the inner bark bright yellow. The veins are inconspicuous in fresh leaves. 
This plant resembles B, infoliolaia Moric. in the palmately trifoliolate leavM 
with petiole not articulated below the junction of the leaflets, but differs in 
the t<mthed filaments and the blue-black color of the berries. 

The writers take pleasure in dedicating this species to their colleague, 
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Qeor^e J. Harrison, whose activity in collecting plants during his residenco 
in Aniona contributed materially to our knowledge of the flora. 

StreptanthuB arizonlcus S. Wats. var. luteus, var. nov. 

A forma typica S. arizontei miyce luteo, stylo longiore, siliquis ad apioem 
msj^ attenuatis et rostratis distinguitur. 

TVpo: Kearney 10813, Canyon Diablo, Ajo Mountunsj Pima County, 
Aris. (U. S. National Herbarium No. 1634074). Known only from the type 
collection 

The bright yellow color of the calyx soon fades, in dried specimens, to the 
normal ocnroleucous hue of S. aneonicua. The stylo is 1 to 2 nun. long, 
whereas in most specimens of S. arizontcua it is less than 1 mm long. 

Descuralnia obtusa (Greene) Schuls var. adenophora (Woot. and 
8taD(U ), comb. nov. 

Sophia adenophora Woot. and Standi., Contr. U. S. Nat. Herb. 16:127.1013. 
Deaeuratnta obtusa Schuls, Pflansenr. IV, 105; 321. 1624. 

This form apparently differs from typical D. obtusa only in the presence 
of glandular hairs in the inflorescence, and in having the p^s often glabrcs- 
cent. 

Arabia tricomuta Rollins, sp. nov.* 

Herba perennis; caulibus erectis singulis supeme ramosiB, 3-6 dm altis, 
infeme sparse pub^ccntibus supeme plabris; foliis radicalibus ignotis; foliis 
cauUnis infimis petiolatis oblanceolatis pub^oentibus 3-6 cm longis, ca. 1 
cm latis, pilis ramosis, supremis linearibus vel lanceolatis glabris; inflores- 
centiis racemosis laxis gracilibus; sepalis glabris oblongis 3-4 mm longis, 2- 
3 nun latis; petahs albis lingulatis vel spathulatis 4-5 mm lonpis, ca. 1.6 mm 
latis, pediceilis gracilibus recurvatis glabris 1-1.6 cm longis; siliquis angustis 
plano-compressts patent! bus vel pendulis glabns infeme 1-nervatis, 3-7 cm 
longis, ca 2 mm latis; semimbus uniseriatis orbicularibus alatis ca. 1.6 mm 
latis. 

Perennial | stems single, branched above, pubescent below with simple or 
branched tnchomes, glabrous above, 3-6 dm high; basal leaves caducous, 
unknown; lower cauline leaves petiolate, oblanceolate, pubescent with harsh 
2- or usually 3-pronged trichomes, 3-6 cm long, ca. 1 cm wide; upper cauline 
leaves linear to narrowly lanceolate, jd<^^n>us; inflorescence racemose, lax, 
slender, greatly elongate; sepals ^abrous, oblong, 3-4 mm long, 2-3 mm 
wide, unequal, not saccate, inner pair tapering at base; petals wfait^. Ungulate 
to nearly spatulate, thickened toward base with edges rolled outward, erose 
to entire along petm margin, not differentiated into blade and daw, 4^ mm 
long, ca. 1.5 mm wide; stamens slightly shorter than petals, filament of short 
stamen curved, filament of long stamen straight; nectar glands surrounding 
short stamens, only subtending long stamens; peuicels slender, gently curved 
downward, glabrous, 1-1.6 cm long; siliques linear, flattened parallel to sep¬ 
tum, glabrous, 1-nerved to middle or above, spreading at right angles to 
widely pendulous, 3-7 cm long, ca. 2 mm wide; style ca. 1 mm long; stigma 
entire; seeds flat, orbicular, conspicuously winged all around, oa. 1.6 mm 
broad, unhieriate; cotyledons obliqudy accumbent. 

Arabia incomuta is particularly interesting because at anthesis it is very 
difficult to distinguish from Thelypodiiim micranthum. Inhabit, inflorescence, 
flower, and type of pubescence they are almost identical. One minor feature 

* Contributed by Reed C. RoUiai, Gray Herbanum, Harvard University. 
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of flower similarity is particularly strikiiig. In both species the short stamen 
arises at right an^es to the ovary and then curves upward. This particular 
oharaotcristio has not been observed in other species of Arabia, but it is not 
of major importance^ as a diagnostic character, since there is considerable 
variation in stamen insertion throughout the genus. The definitely winged 
seeds, aocumbent coryledons, and markedly flattened siliques of A. trieomuta 
leave little doubt about its being properly placed in Arabia, in sjpite of the 
striking similarity it shows at the flowering stage to another species of a dif¬ 
ferent genus. 

Arabia tricomula is not closely related to any North American species of 
Arabia, but the flower, inflorescence, and upper parts of the plant are similar 
to A. Uuvigaia. The new species is somewhat like A. repanda, particularly as 
regards the petiolate cauline leaves, but the similarity is only superficial. A. 
trieomuta is apparently restricted to the mountains of southern Arizona, 
where it has been collected at elevations between 7,000 and 0,000 feet. 

Arizona: Eastview, Rincon Mountains, Oct. 13,1009, J. C Rlumer 3478 
(Gray Herb., tym); &ncon Mountains, 1801, O C. NeaUy 120 in part (U. 
8. Nat. Herb.); Santa Rita Mountains, Aug. 23,1036, Robert Darrow and J. 
Arnold (Gray Herb.). There is a Blumer collection in the U. S. National 
Herbarium labeled CaslxlUja minor, which is partly Arabia tneomuta and 
partly Thelypodium micranthum. This specimen supposedly came from the 
Chiricahua Mountains, but the label is obviously a transposed one; hence 
the data cannot be trusted 

Sedum wootoni Britton var. grifflthsli (Rose), comb. nov. 

Sedum griffithaii Rose, North Amer. Flora 22:71. 1905. 

There seems to be no character that distinguishes var. gnffilhaii from typi¬ 
cal S. wootoni except the more distinctly papulate basal leaves. 

Echeverla bartramil (Rose), comb. nov. 

Orapiopetalum bartramil Rose, Addisonia 11:1, pi. 353.1926. 

The characters on which were based the genera Graptopetalum Rose and 
Dudleya Britton and Rose arc, in the opinion of the writers, of subgeneric 
rather than generic value. 

Scheveria arizonica (Rose), comb. nov. 

Dudl^a ariaoniea Rose, Addisonia 8: 35, pi. 274. 1923. 

This species evidently is related to E. pulverulento Nutt of southern Cali¬ 
fornia but is perhaps sufficiently distinguished by the smaller size of the 
plant, less pulverulent herbage and smaller flowers. 

Echeverla coUomae (Rose), comb. nov. 

Dudleya eoUomaa Rose, in Morton, Desert [Plant Life] 6:68.1934. 

Closely related to several forms of southern California that have been de¬ 
scribed as species, eoUomae is presumably the Arizona plant referred to 
Dttdl^a pamahti Rose in North American Flora (22: 41. 1905). Spedmens 
of this species collected in Arizona by M. E. Jones were identified by him 
as CofyZedon aaxoaum M. E. Jones {Dudleya aaxoaa Britton and Rose, Eche- 
vtria aaxoaa Nels, and Macbr.), the type of which, a smaller plant, was col¬ 
lected in the Panamint Mountains, Calif. 

Ssvjfraf rhomboidea Greene var. fianciicana (Small), comb. nov. 
Mierantbea franeiacana Smallj North Amer. Flora 22:144. 1905. 

Saxifraga franeiaeana Fedde, in Just, Bot. Jahresb. 33: pt. 1,613.1906. 
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S. rhomboidea var. typica f. franascana Engler and Irmscher, Fflanienr. IV. 
117. 28. 1916. 

Tho filaments of var. franciacana are described as olavate by Small but do 
not appear to be so in specimens from the type locality. 

Heuchera versicolor Greene var. leptomeria (Greene), comb. nov. 

Heuchera leptomeria Greene, Le&RetB 1: 112 1005. 

Apparently this form differs from typical H. veratcolor only in the narrower 
hypanthium and lower part of the ovary and there is too much intetgrada- 
tion to warrant maintenance of H. leptomcrta as a species. 

Philadelphus microphyllus A. Gray var. argenteua (Rydb ), comh. nov. 

PhtUtdelphua argenteua Rydb., North Amer. Flora 22:171. 1005. 

The variety differs from typical P. mtcrophyllua only in the copious to 
dense pubescence of the hypanthium and upper surface of the leaves, these 
being ^abrous or sparsely pubescent in the typical form. 

Fendlerella utahensls (8. Wats.) Heller var. cymosa (Greene), comb. nov. 

FendlereUa cymoaa Greene, in Woot. and Standi., Contr. U. S. Nat. Herb. 16: 
120 1913. 

The leaves are normally narrower and more acute in var. cymoaa than in 
t 3 rpical F. utakensia and the two forms are widely separated geographically, 
typical utahenata occurring in southern Utah, southern Nev^a and north¬ 
ern Arizona, whereas var cymoaa is found in tho mountains of southern Now 
Mexico, southern Arizona, and northern Mexico 

Fendlera ruplcola A. Gray var. tomentella (Thornber), comb. nov. 

Fendlera tomerUeUa Thornber, in Woot. and Standi., Contr. U. 8. Nat. Herb. 
16:120.1913. 

In this variety the leaf-blades are rather densely whitc-|>ubescent beneath 
and are usually narrower and more strongly revolute than in typical F. rupi- 
ccia. 


CrossoBoma bigelovll S Wats, var ^ucum (Small), comb. nov. 

Croaaoaoma glaucum Small, North Amer. Flora 22:232.1908. 

Although intergradation with the t^ical form is complete, var. glaucum 
normally has the follicles broader (ovoid or obovoid) and more glaucous than 
in tjrpical C, bigelovii. 

Rubus strlgosus Michx. var. arlzonicus (Greene), comb. nov. 

Batidaea artzonica Greene, Leaflets 1:243. 1906. 

Bubua aruontcua Rydb., North Amer. Flora 22:446.1913. 

The Arizona form apparently differs from eastern specimens of R. alrigoaua 
merely in having the leaves of the shoots 5- to 9-foliolate (instead of 3- to 5- 
foliolate) and those of the flowering branches mostly .5-foliolate but occa¬ 
sionally 3-foliolate 

PotentiOa crlnita A. Gray var. lexnmonl (8. Wats.) comb. nov. 

/M«ia Immont S. Wats., Proc. Amer. Acad. 20:305.1885. 

PoientiUa lemmoni Greene, Pittonia 1:104.1885. 

The variety differs from tsrpioal P. crimta in its stiffer, more erect stems, 
leaflets toothed only at or very near the apex, and petals usually not sur^ 
passing the sepals. 
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PotentilU subvlBcosA Greene var, ramulosa (Rydb,), comb, nov, 

PoterUitta ramulosa Rydb., Bull. Toirey’ Club 23:430. 1806. 

There is little to distinguish this variety from typical P. subviscosa except 
that the leaflets are usu^y only coarsely tooth^, whereas in the typical 
form of the species they are cleft more than halfway to the midvein. The 
bfual leaves in var. ramulosa are occasionally subpinnate rather than strictly 
digitate. 

PotentillA multifoUolata (Torr.), comb. nov. 

HorkeliaT muUifoliolata Torr., Sitgreaves Rep. Zuni & Colo. 169.1853. 
Comarella muUifoliolata Rydb., Mem. Bot, Columbia Univ. 2: 166. 1808. 
Ivesta muUifolioUUa Keck, Lloydia 1: 125. 1938. 

PotentiUa thurberi A, Gray var. atrorubens (Rydb.), comb. nov. 

Potentilla atroribens Rydb., Bull. Torrey Club 24:11. 1897. 

The variety seems to be distinguishable only in having the lower surface 
of the leaflets rather densely silvery 'Sericeous whereas in typical P. ihurhen 
it is only sparsely sericeous, not silvery. 

Potentilla thurberi A. Gray var. sangulnea (Rydb.), comb. nov. 

PoieniiUa san^inea Rydb., North Amcr Flora 22: 324. 1908. 

This form dAffers from typical P. thurben in having the leaves subpinnate 
with a very short rachis between the pairs of leaflets, instead of strictly digi¬ 
tate or very nearly so 

Geum ciliatum Pursh var. griaeum (Greene), comb. nov. 

Erythrocoma gnsea Greene, I^caflets 1:178. 1906. 

Steversta gnsea Rydb., North Amer. Flora 22: 409. 1913 
From typical G. eiliaium the variety differs in having the bracts less con¬ 
spicuously surpassing the sepals and the leaflets less deeply dissected. 

Geum Btrictum Ait. var. decurrena (Rydb.), comb. nov. 

Geum decurrens Rydb., North Amer. Flora 22: 404. 1913. 

This is the common form of the species in the southern Rocky Mountain 
region, with the upper divisions of the leaves decurrent on the rachis and 
more or less confluent. 

Cercocarpua montanua Raf. var. flabelUfoliua (Rydb.), comb. nov. 

CercoearpuB flabeUtfolius Rydb., North Amer. Flora 22: 422. 1913. 

Differs from typical C. monlanus in the more appressed pubescence of the 
leaves and hypanthium-tube. 

Rosa arizonica Rydb. var. gnmuUfera (Rydb.), comb. nov. 

fiosa granulifera Rydb., North Amer. Flora 22: 517. 1918. 

As compared with typical iZ. amontca, var granulifera has the leaflets 
more or less double-serrate (the smaller teeth often recliiced to glands)^ the 
lower surface of the leaflets more copiously mnuliferous, and stipitate 
glands more constantly present on the backs of the sepals. 

Prunua emaiginata (Dougl.) Walp. var. crenulata (Greene), comb. nov. 

Cerasus crenulata Greene, Froo. Biol. Soc. Washington 18:56. 1905. 
PrunuscrenulofaTidestrom, Proo. Biol. Soc. Washington 40: 119.1927. 

CharaoteriBed, in oomparison with the typical form of the species, by the 
narrower, elliptic or obliuioeolate, more acute leaf-blades. 
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AcacU hlrta Nutt. var. lulinttoiceiii (Roue), comb. dov. 

Acacia auffrutescena Rose, Contr. U. S. Nat. Herb. 12:409.1909. 

Aeactella auffruteacem Britton and Rose, North Amer. Flora 23: 103. 1928. 

The variety is scarcely distinguishable from tjrpioal A. hirta except that 
the plant is commonly distinctly suffrutescent. Lateral veins are scareely 
perceptible in the leaflets of the type specimen of A. atiffniteacens. 

Acacia hirta Nutt. var. sbrevei (Britton and Rose), comb. nov. 

Acaciella shretm Britton and Rose, North Amer. Flora 23:105. 1928. 

As compared with typical A. hirta and var. auffniteacenB, this form has 
leaflets with distinct lateral veins, some of these often branching from the 
midrib far above the base of the leaflet. There is complete intergradation 
among these three forms of A. hirta. 

Mimosa dysocarpa Benth. var. wrlg^tli (A. Gray), comb. nov. 

Mimosa wnghtii A. Gray, FI. Wright 2:52. 1853. 

Typically this variety is characterised by somewhat narrower, unarmed 
pods (pods usually with a few marginal prickles in M. wrighltt), f^abrous or 
glabrate upper leaf-surface, and longer inflorescences than in the t^cal 
form, but there is much variation in both forms, and the intergradation 
seems complete. 

Mimosa grahaml A. Gray var. lemmonii (A. Gray), comb. nov. 

Mimosa lemmonii A. Gray, Proc. Amer. Acad. 19 : 76.1883. 

Mimosopsis lemmonii Britton and Bose, North Amer. Flora 23: 176. 1928. 

The variety has copiously pubescent young twigs, leaves, flowers, and 
pods, whereas in typical M, grahamt these parts are normally glabrous or 
sparsely pubescent. There appear to be no other distinguishing characters. 

Sophora formosa, sp. nov. 

Frutex 1-2 m altus; folia sempervirentia pinnata^ foliolis 7-13 ellipticis 
obtusis 15-30 mm longis 10-12 mm latis conaceis, pnmo utrinque argonteo- 
seriocis deinde supra strigosis; inflorescentia dense racemosa plus minusve 
4 cm longa; calyx 8-9 mm longus sericeus brevidentatus; corolla purpurea 
vel violacea plus minusve 16 mm longa, vexilli lamina late-ovala 14-18 mm 
longa fere tarn lata quam longa, alarum lamina paullo breviora, carinae 
petalorum lamina 10-13 mm longa quam unguibus vix duplo longiora; legu- 
men usque ad 14 cm. longum 11-13 mm latum planum plus minusve torulo- 
sum; semina 2-5 rubro-fusca 6-11 mm longa 6-7.5 mm lata. 

Bassett Maguire 10993, below Frye Mesa, northern foothills of the 
Pinaleno Mountains, Graham County, Aris, April 1935 (U. 8. National 
Herbarium No. 1731764). 

The bark of the twigs is gray-green, that of the old stems dark gray, rough 
and furrowed. The mature leaflets are dark pven and slightly flossy above, 
with only the midvein prominent beneath. Tlie pods are acuminate at apex 
and are sparsely strigose (more densely so at the constrictions). The se^ 
average 9.2 mm long and 6.5 mm wide. 8. formosa closely resembles 8. art- 
toniea 8. Wats., but the latter has a larger corolla (about 22 mm long), an 
oblong-oboVate (instead of broadly oval) banner-petal 18 to 20 mm long and 
only two-thir^ as wide as long (four-^ths as wide as long in 8. formosa), 
keel-petals with blades 2.5 times as long as thmr claws (1.5 to 2 Umee as long 
in formosa); and slightly lai^ger seeds, averai^ 9.9 mm long, 7.4 mm wide 
(averaging 9.2 and 6.5 mm in/ormosa). All tne^tals are relatively broader. 
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in 8. formoBa, the leaflets of that species are usually longer, broader, and 
more obtuse, and the pubescence is denser and more persistent on the upper 
leaf-surface and on the pods. 

At a second station for 8. formoea, also in the northern foothills of the 
Pinaleno Mountains, about 13 miles southwest of the town of Pima, at about 
3,000 fMt altitude, C. J. Humphrey collected mature seeds on June 11,1937. 
The writers visited the type locality, about 4| miles south of Thatcher, on 
April 25, 1939, and found the plant locally abundant on eroded slopes with 
northern expemure, extending from the lower edge of Fiyo Mesa, at about 
3,700 feet altitude, where it is associated with Quercua turbineUa, Yucca, 
Dasylirion, and Fouquieria, down to the base of the escarpment at about 
3,400 feet, where CoviUea, Pnaopta, and Fouquterta are the principal woody 
species. These, the only known stations of 8. Jormoaa, are 250 to 300 miles 
southeast of the only known stations of 8. arizontca, in Mohave Countv, 
along the eastern foothills of the Hualpai Mountains and on Big Sandy 
Wash, 60 miles south of Kingman. Both species give the impression of being 
relict forms, suggesting that they may have had a common ancestor of much 
wider distribution. 


Lotus greenel Ottley, nom. nov.* 

Hoaackia moUia Greene, Bull. California Acad. 1:185. 1885. 

Lotus mollis Greene, Pittonia 2: 143. 1890. (Non Balf. f. 1882.) 

Lotus oroboldes (HBK.) Ottley, nom. nov.* 

Tephrosia oroboides HBK., Nov. Gen. et 8p. 6:462. 1823. 

Hoaackia puberula Benth., PI. Hartweg. 305. 1849. 

Lotw puberulus Greene, Httonia 2:142.1890. 

Psoralea mephitlca Wats. var. retrorsa (Rydb), comb nov. 

Pediomdum retroraum Rydb., North Amer. Flora 24:22. 1919. 

The variety differs from typical P. mephiltea in its larger leaflets, longer 
central peduncle and inflorescence, and larger corolla. 

Amoipha fruticosa L. var. ocddentalis (Abrams), comb. nov. 

Amorpha occidentalia Abrams, Bull. New York Bot. Garden 6:394.1910. 

Thu form aijparently differs from the variable and widely distributed A. 
Jruttcoaa only in its usually more elongate spikes, these, more frequently 
than in the typical form, only 1 or 2 on the branchlet. 

Dalea leporlna (Ait.), comb. nov. 

Paoralea leporina Ait.. Hort. Kew. 3:81.1789. 

Paroada leponna Rydb., North Amer. Flora 24: 78.1920. 

Dalea nana Torrey var. camescens (Rydb.), comb. nov. 

Paroada cameacena Rydb., FI. Rocky Mts. 483.1917. 

Differs from typiou D. nana in having the upper surface of the leaflets 
green and glabrescent rather than sericeous, and in having usually stouter 
stems. 

Dalea polygonoldes A. Gray var. laevituba, var. nov. 

A D. polygonoidea f. typica calycis tube exteme ^labro distinguitur. 

In typiou D. polygonoidea the whole of the calyx is silky-villous externally. 

* Coatributed by Alice M. Ottley, Department of Botany, WeUeeley College. 
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Type: Harriton, Kearney, dt FuUon 8089, Santa Catalina MountainB, 
Pima County, Aris., August 23, 1931, mwing on rocks at an altitude of 
7,500 feet ^U. S. Natioi^ Her^rium No. 1530853). The variety was col¬ 
lected previously in the same locality (Shreve 5408) and occurs also in the 
Cbiricahua Mountuns, Cochise County, Aris., at an altitude of 8,200 feet 
(Blumer 1652, 1653) and in southern Now Mexico. 

Dalea wfaltingl, sp. nov. 

Frutex intricate ramosus interdum 08 m altus; rami spineseentes pilis 
retrorsis canescentes glandulis aurantiacis pustulati denique straminei gla- 
brique; stipulao cartilaginosao subulatac c^anduliferae 1 nun longae; folia 
oblonga imparipinnata 12-24 mm longa antrorse strigosa, stipellis ^andulo- 
sis, foliolis 11-10 crassis involutis 2-4 mm longis oblongia vel oblanceolatis 
obtusis vel trunoatis subtus pustulatis in petiolulia brevibus oontractis; in- 
Oorescentia racemosa spinescens 1-3 cm longa^ pedunculo 7-20 mm longo, 
floribus 1-8, bracteis parvis cartilaginosis, pediccUis adscendentibus 1 mm 
longis; calyx exteme villosus, tubo turbinato 2.5-3 mm longo lO-costato 
inter nervos glandulis 1-5 aurantiacis obsito, lobis rotundis vel obtusissimis 
fere tarn latis quam longis glandulam apicalcm munitis, lobo maximo 2 mm 
longo; petala hypanthio ad basin tubi staminum inserta, laminis longitudino 
subacqualibus fere 5 mm longis glandulam unicam apicem versus interdum 
munitis, vexilli lamina suborbiculari emarginata, laminis ceteris oblique- 
oblongis basi lobatis, vexilli et alarum ungmbus 2 mm longis, carinac peta- 
lorum unguibus 3 mm longis; stamina monadelphia supra medium connata; 
ovarium 2-ovulatum villosum lateribua pustulatum 3.5 mm longum stylo 
villoso 3.5 mm longo attenuatum; fnictus ignotus. 

Type: WhUtng dk Jones 916/3277, Wupatu National Monument on little 
Colorado Biver, Coconino County, Aria., August 9, 1938 (U. 8. National 
Herbarium No. 1732120), 

Related to Dalea thompsonae (Vail) L. O. Williams, from which it is dis¬ 
tinguished mainly by the greater number of leadets (these only 5 to 9 in 
thomptonae), narrower leaflets (these elliptic or slightly obovate in ihomjh 
mmae), and in having the ctdyx-tube villous extern^ly and with less promi¬ 
nent ribs. Both species have the petals inserted on the h 3 rpanthium, appear¬ 
ing in this and other respects to be closely related to the species Rydberg 
placed in his genus Psoroihamnue 

Dalea wislizenl A. Cray var. aanctae-crucia (Rydb.), comb. nov. 

Parosela aancfae-erucia Rydb., North Amer. Flora 24:103.1920. 

Herb^ glabrous or nearly so, not villous or villous-oanescent as in typical 
D, vialiteni. 

Robinla neomezlcaiui A. Gray var. aubvelutlna (Rydb.), comb. nov. 

Robmia aubvdutina Rydb., North Amer. Flora 24: 227, 1924. 

This variety is distinmiished from the typical form of R, neomexicana bv 
the glandular-hispid pubescence of the pods and from var. luxuriana Dieok 
by the rather loose, somewhat spreading pubescence of the herbage and by 
the ustially more copiously glandular-pubescent young stems and petioles. 

Astragalus eg^estosii (Rydb.), comb. nov. 

Tium eggletlonii Rydb., North Amer. Flora 24:396.1929. 

This sp^es evidently is closely related to A. ruabyi Greene, althou(d> 
Rydberg (ibid., p. 380) placed the latter in a different segregate genus, Afelo- 
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phragma. Aslragalua egglettonit differs chiefly in its glabrous, shorter-stipi- 
tate pods. 

Astragalus sonorae A. Gray var. tenerrimna (M. E. Jones), comb. nov. 

Aatragaliu humistratus var. (enemmus M. E. Jones, Pioo. California Acad. 
II, S: 649. 1894. 

Battdophaca tentrrima Rydb., North Amer. Flora 24:316.1929. 

This seems to be only a form of A. tonorae with smaller leaflets and shorter 
fewer-flowered racemes. 

Hedysarum mackenzll Richards, var. pabulare (A. Nelson), comb. nov. 

H. pdndare A. Nelson, Proc. Biol. Soc. Washington 15: 185. 1902. 

This form has relatively narrow leaflets and relatively smaU flowers as 
compared with specimens of H. mackemti from farther north. 

Desmodlum metcalfei (Rose and Painter), comb. nov. 

Metbomia metcaifei Rose and Painter, Bot. Gas. 40:144. 1906. 

Galactla wrlg^tU A. Gray var. moUiadma, var. nov. 

A forma typica G. wnghtti caulibus et foliis volutino-tomentosis pilis fero 
omnibus patentibus distinguitur. 

In typical G. wnghiit the pubescence is sericeous and most of the hairs are 
appressed. 

Type: Peebles. Hamson A Kearney 4657, near Patagonia, Santa Crus 
County, Aril, August 7, 1927, in flower (U 8. National Herbarium No. 
13689^). Also has been collected at Paradise, Cochise County, 5,600 feet 
{Blumer 1799, in fruit); in the Pinaleno Mountains, Graham County, 5,100 
feet {Kearney A Peebles 14103); and "in Arizona” {Rothrock 387). 

PhaseoluB wrightfl A. Gray var. grayanus (Woot. and Standi.), comb. nov. 

Phaseolus qrayanus Woot. A Standi., Contr. U S. Nat. Herb. 16:139. 1913. 

The variety intergrados with typical P. tonghltt but usually has larger 
leaflets, longer peduncles, and more persistently pubescent pods 

Geranium atropurpureum Heller var. furcatum (Hanks), comb. nov. 

Oerantutn furcatum Hanks, North Amer. Flora 25:16.1907. 

This differs from the typical form apparently only in the presence of glan¬ 
dular hairs, at least on the pedicels. 

Linuffl arlstatum Engelm. var. australe (Heller), comb. nov. 

Linum aitatrale Heller, Bull. Torrey Club 25:627.1898. 

The variety is characterized by usually shorter sepals^ and petals and by 
having the inner sepals dentate rather than merely aenticulate; also by the 
commonly more branched stems and serrulate leaves, these being mostly en¬ 
tire in the typical form. There is, however, much intergradation. 

Kallatroemla califomlca (S. Wats.) Vail var. brachy8tylls(Vail), comb. nov. 

KaUsiroemia braehystylts Vail, Bull. Torrey Club 24:206. 1897. 

As compared with typical K. calxfomiea, this form has usually fewer leaf¬ 
lets and shorter, blunter tubercles on the carpels, but there is too much inter¬ 
polation to warrant specific distinction. 

Ptelea angustifolia Benth. var. cognata (Greene), comb. nov. 

PUlea eognata Greene, Contr. U. S. Nat. Herb. 10:62. 1906. 
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This form is distinguished by the glabresoent, instead of permanently 
pubescent, lower leaf-surface. 

Acer ^bnun Torrey var. neomezlcaiitim (Greene), comb. nov. 

Acer neomexicanum Greene, Pittonia S: 3. 1902. 

l^ia form differs from typical A. glabrum and resembles A. glabrum var. 
tripartiium (Nutt) Pax in having at least some of the leaves 3-parted instead 
of merely lobed. From var. tripariitum it differs in the more deeply and 
acutely toothed leaf-margins and in having the terminal divimon longer- 
cuneate at base. 

Rhamnus betulaefoUa Greene var. obovata, var. nov. 

Laminae foliorum obovatae crassiusculae 6-8 cm longae 4-6.6 cm latae. 

Peebles A Smith 13030, south end of Navmo Mountain, (^conino 
County, Aris , at an altitude of 6,300 feet (U. S. National Herbarium No. 
1732315). Occurs also in San Juan Counts^ Utah, in Armstrong and White 
Canyons, 5,000 to 6,500 feet (Rydberg A ucareit 9411) and in Cottonwood 
Canyon, 4,200-4,600 feet (Maguire et al. 5760). A collection in the Charles¬ 
ton Mountains, Nev. (Chk^ 727) has less pronouncedly obovate blades 

In typical R. belulaefolia the leaf-blades are elliptic or oblong, usually 
narrower, thinner, and with veins slenderer and less prominent beneath than 
in var. obovata The variety occurs considerably to the north and northwest 
of the main range of R. bettdaefolia. 

Sphaeralcea spp. 

The following combinations, previously published as subspecies, are here 
renamed as vancties in confornuty with the practice of most American bota¬ 
nists. The references in parentheses aro to pages in the publication in which 
the subspecies were published.' S eordUn var. cdltfomica (Rose) Kearney 
(p, 32); iS. couUen var. margantae (Brandcgee) Kearney (p. 33); S. axtUana 
var. roaacea (Rose) Kearney (p 36); S. emoryt var. variabtlte (Cockerell) 
Kearney (p. 39); 8. emoryt var nsvaden«t« Kearney (p. 40); S. emoryi var. 
arida (Rose) Kearney (p. 41); 8. anibigua var. rosacea (Muns and Johnston) 
Kearney (p. 40); S aniUgua var. morUteda Keamw (p. 47); S. ambigua var. 
rugosa Kearney (p. 49); S. ambtgua var. versicolor Kearney 60) ; 8. rusbyi 
var. gtlensts Kearney (p. 54); S, rusbyi var. eremteola (Jepson) Kearney (p. 
66); 8. incana var. cuneata Kearney (p. b9);S.fendleri var. elongata Kearney 
(p. 62); 8. fendleri var. aibescens Kearney (p. 62); S. fendleri var. tnpartUa 
(Woot. and Standi.) Kearney (p. 63); 8 . fendleri var. venusta Kearney (p 
63); 8 . angustifolia var. lobata (Wooton) Kearney (p. 69); 8 . subhastata var. 
eonnata Kearney (p. 76); 8. subhastata var. mariii (Cockerell) Kearney (p. 
76); 8. stdbhastaia var. laitfolia Kearney (p. 77); jS. subhastata var. thyrsoidea 
Kearney (p. 77); S. subfuutala var. pumm (Woot. and Standi.) Kearney (p. 
78); S. munroana var. subrhomboidea (Rydberg) Kearny (p. M); 8. grossu- 
lariiufolta var. pedata (Torrey) Kearney (p. 88); 8. digitala var. tenuipes 
(Woot. and Standi.) Kearney (p. 91): 8. eoecinea var. dtsseeta (Nutt.) Kear¬ 
ney (p. 96); 8. eoecinea var. elata (Buer) Kearney (p. 97). 

Koeberlinift spinosa Zucc. var. tenulqdaa, var. nov. 

Frutex ramulis spinosis elongatis tenuis plerumque 6-9 cm longis ad ba¬ 
sin, 1.6-3 mm orassis; cortex ooeruleo-viridis;8epala deltoide-ovata 1.6-2 mm 

* Keamev, Thomu H. The North Ameriosn speelee of Svhaereleta, eubgenoe 
Bvsphasnleea. Univ. CsUfonila Publ. Bot. 19: 1-lm. IMS. 
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longs longioia quam lata distinote denticulata; petals 4.2-6 mm longa; fila¬ 
ments 2.^6 mm longa. 

Typo: Kearney A PeMes 10969, Horse Tank, Castle Dome Mountains, 
Yuma County. Arii., March 26, 1935 (U. 8. National Herbarium No. 
1634130). Has boon collected in Yuma County, Ariz., near Wonden (Peebles 
A Loomta 6740) and in the Kofa Mountains (Peeblea A Loomia 6772), and 
between Mesquite and Altar, Sonora (P. Ijong 27). flowers in March. 

Typical K. apinoaa, which apparently occurs nowhere west of Tucson, 
Ariz., is usually lower-growing than var. tenuupina, which reaches a height 
of 3.6 meters. The typical form normally has shorter and stouter spines (3 to 
6 cm long and 2.5 to 4 mm in diameter at base), yellowish-green bark, del¬ 
toid-orbicular sepals 1 to 1.5 ram long, wider than long, obscurely denticu¬ 
late, petals not more than 4.6 mm. long, and filaments not more than 3.6 
mm long. It flowers later than var. tenuxa/pyna, from July to October (excep¬ 
tionally in May). There is an early-flowering form in Texas (var. vermfiora 
Bogusch), but this has much shorter spines than var. tenutapina. 

Viola nephrophylla Greene var. arlzonlca (Greene), comb. nov. 

Vtola aritonica Greene, Pittonia 5:33. 1902. 

This form differs, apparently, from typical V. nephrophylla only in having 
sparsely pubescent or at least ciliolate leaf-blades. 

Chlmaphlla maculata (L.) Pursh var. daqratenuna (Torrey), romb nov. 

Chtmaphila damUemma Toney, in Rydb., North Amer. Flora 29: 32. 1914. 

This form differs from most eastern specimens of C. maetdata in its shorter 
and relatively wide leaf-blades, these 2 to 4 cm long, one-third to two-thirds 
as wide. 

Monotropa hypopitys L. var. latisquama (Rydb.), comb. nov. 

Hympiiya laliapuitna Rydb., Bull. Torrey Club 40:461. 1913. 

Compared with M. hypopUya as represented in the Eastern United States, 
this form differs in the usually pink or red color of the plant, taller and stout¬ 
er stems, broader leaves (scales) and more numerous and larger flowers, with 
petals 10 mm long or longer. 

Lysimachla clUata L. var. valldula (Greene), comb. nov. 

Steironema validulum Greene, Contr. U. 8. Nat. Herb. 16:168.1913. 

Differs from most eastern specimens of L. ediata, and from Stetronma ctlt- 
alum var. oecidentale 8uksdorf, in having the leaf-blades at most obscurely 
ciliolate, rather than distinctly short-ciliate. The blades also are narrower 
than they are commonly in L. ciliata. The petioles are conspicuously dilate, 
as in other forms of the species. 

Aiwftwia tomentosa Torrey and Frdm. var. stenophylla, var. nov. 

Folia 6-8 mm lata, inferiora distincte brevi-petiolata lamina rbomboideo- 
lanceolata, superiora lineari-lanceolata fere sessilia; folliculi maturi pubes- 
oentes vel glabrescentes. 

Type: PoAlea A Fulton 11944, Monument Valley, Navajo County, Aris., 
altitude 5,300 feet, in flower June 4, 1936 (U. 8. National Herbarium No. 
1634669). Occurs also in the “Colorado Canyon" (Afrs. Thompaon in 1872), 
and at Cameron, Coconino County, altitude 6,000 ft. (flanaon 160). 

The Hanson collection was referred to A. arenaria Standley by Woodson 
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( Ann. Missouri Bot. Garden IS: 424. 1928), but the writers believe it to be 
nearer A. UmerUoaa, since the leaves of A. arenaria are all very narrowly lin¬ 
ear-lanceolate and sessile or Bubsessile. From typical ri. iomentoaa this variety 
differs in its narrower leaves and in the less copiously pubescent, or glabres- 
cent, mature pods. 

Mellichampla slnaloensis (Brandeijee), comb. nov. 

RovUma ainaloerms Brandegee, Zoe 5:243.1908. 

This species differs from M. Itguiaia (Benth.) Vail (M. rubeaeent A. Gray) 
in having smaller, oohroleucous flowers, narrower and less pubescent corol¬ 
la-lobes, corona-segments Rubquadrate at base and abniptly contracted into 
the subulate terminal portion (iiot gradually attenuate as in M. ligvlaUi), 
and rounder, suborbicular or reniform anther-tips, theso not or but sli{ditly 
surpassing the stigmatic disk. 

GUla aggregata (Pursh) Spreng. var. macroaiphon, var. nov. 

A O. aggregata f. typica corolla pallide purpurco-incamata, lobis purpureo- 
maculatis, tubo cum fauce 3.5-4 cm longo, siccitate fauce ad apicem minus 
quam 3 mm lato, lobis caudato-acuminatis, distinguitur. 

IVpe: Peeblea, Kearney, A Harriaon 2522, Santa Catalina Mountains, 
Pima County, Ariz., altitude 7,500 feet (U. S. National Herbarium No. 
1367007). Known oidy from the type locality, where it is fairly abundant 
and where no other form of 0. aggregata has bmn observed. 

The very long narrow corolla and its purplish-pink color distinguish this 
variety from other forms of O. aggregata, in which the corolla rarely exceeds 
3 cm. in length, is 3 to 4 mm wide at the throat in pessed specimens and 
varies in color from bright (spectrum) red to eosine pink. 

Scutellaria teasellata Epling, sp. nov.^ 

Herba perennis altitudino plerumque 30-60 cm caulibus paucis e caudice 
lignoso ramoso ascendentibus utrimque pilis decurvis vix tamen appressis 
quam 5. vmgfUti majoribus nisi glandulis sessilibus inconspicuis nullomodo 
^andulosis; calycibus rarius pilis extensis capitatis sparse conspersis; foliorum 
laminis ovaHa, mediis 11-24 mm longis, 6-17 mm latis, petiolis 1-6 mm longis 
elatis, in apice obtusis in basi cuneato-angustatis etiam tnincatis pilis ex- 
tenso^ecurvis hirtellis; calycibus glandulis inconspicuis sessilibus conspersis 
et pills extensodecurvis rarius glandulosis hirtellis, labia inferiore 3-4.6 mm 
longa in maturitate paulo aucto, squama circiter 4.6 mm alta; coroUarum 
violacearum ^lea cum tubo 12.5-19 mm longo, galea intus sparse piloso, 
tvbo ad ealyeia oa pHoao-annulato, staminibus supra tubi basim 4-4 mm 
magnam partem circiter 6 mm positis, labia inferiore sparsissime pilosa; 
nuculis fuscis teaaeUalta quam wrighlii etiam reainoaae majoribus. 

Type collected in the Huachuoa Mountuns by Marcus E. Jones, Sept. 3, 
1003 (U. S. National Herbarium No. 856971). The species occurs in southern 
New Mexico and in central and southern Arisona, rangings in the latter state 
from near Ash Fork, Yavapai County, to the mountains of Cochise and 
I^a Counties, where it is especially abundant. 

This species is disringiushimle from S. reatnoaa and S. xerightii by the 
taller, more diffuse habit, the coarser pubescence, the ovate leaves, which are 
usually distinctly petioled, and the hmry annulus in the corolla tube. The 
nutlets are larger and the protuberances are flattened, giving a tessellate 

' Contributed by Cari EpUag, Unlverrity of CaUfbniia at Loo Angeles. 
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appearance somewhat as in canescena. It is readily distinguished from S, 
poiosina by the small decurvcd hairs. 

Agastache barberl (Robinson) Epling, comb, nov.^ 
Britionasirum barbert Robinson, Proc. Amer. Acad. 43: 24. 1907. 

Agastache breviflora (A. Gray) Epling, comb, nov.^ 

CedroneUa brevijlora A. Gray, Proc. Amer. Acad. 20: 309. 1885. 
BrtUoiKiatrum brewflorum Bnq.; Engicr A Prantl Pflanzenfam. Nachtr. 1: 
291. 1897. 

Monardella arlzonica Epling, sp nov.^ 

Hcrba perennis saxicola suffruticosa 30-50 cm alta caiilibus numerosis 
assurgentibua pilis^ brevibus decurvis et praosertim longioribus ad 1 mm 
longis extensis vestitis; folioriim laminis subsessihbus magnam partem lance- 
olatis 12-25 mm longis, 5-12 mm latis acutis integris, utrimque pihs extcnsis 
sparse conspersis et brevibus capitatisglandulosis; capitulis subnudis, brac- 
teis angustionbus acutis calyces vix aequantibus; calycibus cxtus capitato- 
glandulosis et pilis longionbus extensis conspersis j corollis albis purpurco- 
maoulatis. 

Typo collected by the author and Mrs. Epling in the Sierra Estrella, Mari¬ 
copa County, Ariz, deposited in the herbarium of the University of Cali¬ 
fornia at Los Angeles The species has been collected also in the Kofa Moun¬ 
tains, Yuma County, Ariz. (Kearney dt Peebles 14220). 

In an earlier paper (Ann. Missouri Bot. Gard. 12:1-106. 1926) for want of 
sufficient evidence to do otherwise, the author referred to M. hnotdes A. 
Gray several species proposed by E. L Greene: M anemonotdeSf M eptla- 
btOideSf Af. oblongCf and M vtmtnea Since this time evidence has been ac¬ 
cumulating to surest that each of these proposed species, as well as Af 
robtsonti Epling, the species here proposed, and two other probable entities 
not as yet naincm, form a complex of closely related localized siiecics Each 
apparently is ecologically different, inasmuch as the associations in which 
they occur are different, and each is morphologiGally different, although 
these differences arc slight and not always constant. Under cultivation, these 
distinctions are usually increased When further evidence has accumulated 
as to the range of variation of each, as well as thoir cytology, it is hoped to 
present their relationships and distnbution more fully. 

The plants from the Kofa Mountains and the Sierra Elstrella seem cer¬ 
tainly to be the same. They occur there, growing from under large granitic 
boulders in much the same way as Af. robtsonti, which is confined to the re¬ 
gion of Key's Ranch near Twonty-nino Palms, Calif., and which they most 
closely resemble. They are found in the Larrea climax associated with En- 
celta farinosa, Fouquxena splendens, Salvia mohavensia and Hyptis emoryi. 
In habit they are characterized by the rather broad leaves (for this species 

r ip), which tend to spread. The spreading pubescence is similar to that of 
rcinsonii but more pronounced. 

Plants from the Ute Mountains, Ariz , however, more nearly suggest Af, 
epihbioides, which is confined to the San Bernardino Mountains, Calif. 
The^y, too. grow from under boulders in the stream bed, vdth much the same 
habit as the plants from the Sierra Estrella, but the leaves are narrow, sel¬ 
dom more than 6 mm broad, and are ascendent, similar to those of Af. epilo- 
bioides. The pubescence is shorter and that of the calyces is wholly glandular; 
in this respect also they are more like Af. epildbiotdes. Their associates are 
somewhat different, as they occur at the margin of the juniper belt with 
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Sfdvia camoaa subsp. argenUa, Salvia mohamuia, Yucca mokavenaia, Rhua 
aniaophyUa, Quercua turotncUa, Oarrya floaeaeena, and Wiamnua q>. Both 
forms are found growing with Salvia mohavenau, which is known from Ari- 
sona from only one other locality. But them are the associates of M. robiaonn 
rather than those of M. epHobioidea, which is usually found at the lower 
margin of the yellow pine belt, on the desert side, often growing amon gst the 
pine needles. 

Penstemon angustlfollus Nutt, ex Pursh subsp. venosus 
Keck, subsp. nov.* 

Subsp. eaudatua similis; bracteis lanceolatis ovatisve utrinque venosis neo 
nigrescentibus pallidis glaucis; corolla rosco-lilacina venis intus purpura 
1^20 mm longis; capsula 10-15 mm longa 
Type: R. H. PeMaa A H J. Fulton 11877, from 12 miles northeast of 
Tuba City, Coconino County, Axis., at 5,300 feet elevation, June 3, 1935 
(United States National Herbarium). 

Specimens examined- Arizona: Apache County: 20 miles northeast of St. 
Johns, Hope, King, A Harlan 9321 (US); 4 miles northeast of Sweetwater, 
Peebles A Smttk 13552 (Cl, US); 9 miles northeast of Rock Point, PedHea A 
Smith 13530 (US). Navajo County: Jeddito Mesa, 1934, Bartlett A Colton 
(Cl); Kearns Canyon, Hope, King, A Harlan 9377 (US); Oraibi, Whiting 
1272 (Cl); Polacca-Winslow road, Whiting 795 (Mus. N. Aiis.). Coconino 
County: Klethla Valley, Eastwood A Howell 6605 (CAS); 23 miles north of 
Red Lake, Peebles A SmUh 13894 (Sacaton); 0 miles cast of Tuba City, 
1901, Ward (US); Moenoopi Sand Hill, 1934, Colton A Bartlett (Cl). Nbw 
Mexico: San Juan County: Cedar Hill, Standley 7956 (US); Aztec, Baker 
603 (GH, NY, RM, US); Bloomfield, Waring 27 (Ph); Farmington, Standley 
6963 (US); plains west of Farmington, Osterhout 6960 (RM). Utah: Grand 
County: ^tween Moab and Castleton, Cottam 5618 (Cl, Univ. Utah). San 
Juan County: Between Blandii^ and Bluff, Stanton 1021 (Ph); Bluff, Cot¬ 
tam 5585 (Umv. Utah), 6786 (Cl, Univ. Utah); San Juan River, 10 miles 
northwest of Mexican Hat, Maguire 16260 (Cl, Utah State). Garfield Coun¬ 
ty: ^calante, Cottam 4385 (Cl, Univ Utah), Stanton 1022 (Ph). MUlard- 
Juab County: Millard Sand Dunes, Stanton 5281 (Univ. Utah). 

This subs^cies is a rather constant plant of sand dunes. It grades over by 
fine steps into subsp. eaudatua in western New Mexico, but it may usually 
be distinnished by the smaller, often pinkish flowers and the more venose 
bracts, which do not turn blackish in drying. 

Penstemon angustifolius subsp. caudetue (Heller) Keck 

Penstemon eaudatua Heller, Minnesota Bot. Stud. 2:34.1898. 

P. angustifolius var. eaudatua Rydb., Bull. Torrey Qub 33:151.1906, 

P. seeundifiorua eaudatua A. Nels., in Coult. & Nels., New Man. Bot. 444. 
1909. 

Penstemon pachyphyllus A. Gray ex Rydb. subsp. congestos (Jones) Keck 

Penstemon aeuminatua Dougl. (var.) eongeatua Jones, Proe. California Acad. 
II, S: 714. 1896. 

PenMemon eongeatua Pennell ap. Graham, Ann. Carnegie Mus. 26:331.1937. 


' This and the other new subepeeles and eomblnatlons In Penstemon contributed 
by David D. Keek, Camaiie Institution of Washington, Stanford University, Calif. 
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Penstemon vlrgatus A. Gray subsp. arlzonlcus (A. Gray) Keck 
PenOemon haUii A. Gray var. ortrontctw A. Gray, Syn. FI. 2(1): 263. 1878. 

Penstemon strlctus Benth. subsp. strlctlfonnls (Rydb.) Keck 
Penakmon ainctiformit Rydb., Bull. Torrey Club 31; 642. 1906. 

Penstemon tmblguus Toir. subsp. laevissimus Keck, subsp nov. 

Plants undique glaberrima nitida. 

Tsrpe: I. W. Clokm 8113, from Wilson’s Ranch, Charleston Moun- 
toins, Clark County, Nev., at 1,180 m. elevation, in gravelly soil, with brush, 
in the Larrea belt, June 7, 1938 (Dudley Herbarium of Stanford University). 

T> __ f ____ 1._II .1 




are wely puberulent in contrast to the present subspecies in which the herb¬ 
age is glabrous throughout. The two forms occupy adjacent ranges; the t 3 rpi- 
cal form is found on the plains of eastern Colorado, adjacent Kansas and 
southward through the panhandle of Texas, while subsp. laevtastmua ranges 
from southwestern Texas northwesterly across central New Mexico and 
northern Arizona to southern Utah and Nevada. 

Penstemon eatonli A. Gray subsp undoaus (Jones) Keck 

Penatemon eotontt var. undoatu Jones, Proc. California Acad. it. 5:715.1895. 
P. coccinatua Rydb., Bull. Torrey Club 36:691.1909. 

Penstemon eatonli subsp. exseitus (A. Nels) Keck 
Penatemon exaertua A Nels., Amer. Journ. Bot. 18:438. 1931. 

P. amplue A. Nels., ibid. 25: 115. 1938. 

Penstemon tiarbatus (Cav.) Roth subsp. torreyl (Benth.) Keck 

Penatemon torreyi Benth. in DC., Prodr. 10: 324. 1846. 

P. harhotus var torreyt A, Gray, Proc. Amcr. Acad. 6:59. 1862. 

Penstemon barbatus subsp. trlchander (A. Gray) Keck 

Penatemon barbatua var. tnehander A. Gray, Proc Amer Acad. 11:94.1876. 
P. triekander Rydb., Bull. Torrey Club 33:151 1906. 

Mimulua cardlnalis Dougl. var. verbenaceus (Greene), comb. nov. 

Mimulua verbenacew Greene, Leaflets 2:2 1909. 

This form apparently differs from typical M. cardinalta only in having the 
corolla-tube more exserted (often nearly twice as long as the calyx) whereas 
in ^e typical form the tube is scarcely to moderately exserted; but the inter- 
gradation between these forms is practically complete. 

Castllleja patriotlca Fernald var. blumerl (Standloy), comb. nov. 

CaatiUeja Humeri Standley, Muhlcnbcrgia 5:46.1909. 

Seems not to differ from typical C. ^rtotiea except in the smaller size of 
the flowers: o^yx about 20 mm long, corolla less than 30 mm long, galea less 
than 20 mm long. Spedmens intermediate in size of flower also occur. 

Cerdylanthus wrl^til A. Gray var. pauciflorus, var. nov. 

A C. wrightii f. typica oaulibus et foliis obscure puberulentibus vel glabres- 
oentibus, oapitulis uni-vel bifloris distinguitur. 

T^pe: Keamey <t Peeblea 12884, 14 miles northeast of Tuba, Coconino 
County, Aris., dtitude 5,400 feet, September 27, 1935 (U. S. National 
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Herbarium No. 1651321). Ooours also in Navajo County, Aria., in Keam 
Canyon {Hovtgh in 1897, Moruon in 1937), and on Jedito Mesa {Zuck in 
1897). 


SambucuB racemosa L. var. mlcrobotiyB (Rydb.), comb. nov. 

Sambueus mtcrobohyi Rydb., Bull. Torrey Club 28:503.1901. 

The glabrous or nearly glabrous branohlets and leaves and the more fre¬ 
quent occurrence of 7 leaflets seem to be the only characters distinguishing 
this form of the Rocky Mountain region from the form of S. raeemoaa (8. 
pubens Miohx.) that oocura in the Eastern United States. 

SambucuB neomexicana Woot. var. vestita (Woot. and Standi.), comb, nov 

Sambucua vettita Woot. and Standi., Contr U. S. Nat. Herb. 16:175. 1913. 

The writers can find no character except the persistently puberulent or 
tomentulose herbage to distinguish veahta from neomexicana. 


BOTANY .—A new variety of the willow Salix glaucophylla Bebb.^ 
Cableton R. Ball, U. S. Department of Agriculture. 

Recently the writer received from Dr. Otto E. Jennings, curator 
of botany in the Carnegie Museum at Pittsburgh, their Pennsyl¬ 
vania Sallees for determination and verification before use on the 
State distribution maps. Among the specimens were some 40 sheets, 
mostly from Erie County, which represent a hitherto unrecognized 
variety. Curiously enough, the earliest collection had been ma^e 60 
years ago, in 1879, and nearly all are more than 30 years old. 

At first glance the plant seems to be a robust and very hairy S. 
cordata, with the broad, cordate leaves of Muhlenberg’s type. In 
fruiting characters, however, it is like 5. glaxtcophyUa Bebb, a sand- 
dune plant of the western Great Lakes area. This new form is re¬ 
garded as a variety of that species. 

Sallz glaucophylla Bebb, albovestita Ball, n. var. 

Straggling, divaricately branched shrub, 1-2.5 or 3 meters high; branch- 
lets stout, yellowish brown to reddish brown to darker, often drying black, 
the season^ shoots densely white-pilose, the 1-ycar and 2-year branchlets 
more or less gray-pubescent or puberulent to glabrous, dull; bud scales stout, 
ovoid or ovoid-lanceolate, 5-7 or 10 mm long, colored and clothed as the 
subtending branchlets; stipules semiovate to broadly reniform, 0.5-2 cm 
long, to 1 cm. wide, rounds to acutisb or acute at apex, subentire to shal¬ 
lowly crenulate-serrulate, colored and clothed as the leaf blades. 

Leaves stipulate, petiolate, unfolding with the aments; petioles 7-15 or 
20 mm long, stoutisn, channeled, pub^cent; blades lanceolate to broadly 
lanceolate, ovate-lanceolate, or sometimes ovate, rounded to deeply cordate 
at base, short-aouminato to acuminate at apex (narrowly to br^ly ellip¬ 
tical and acute at both ends while unfolding), 7 or 8 to 10 or 12 cm long and 

* Reoeived July 22, 1930 
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2-3 or 4 om wide on ordinary seasonal shoots, averaging smaller on fruiting 
twigs and much larger up to 16 om on \igorou8 shoots and sprouts, closely 
(&-10 projections per cm) to less closely (2^ projections per cm) and sharply 
to shallowly orenate-serrate to subentire (all on one shoot), dark green and 
dull above (or darkening in drying) and glaucous to white-glaucous beneath 
when fully unfolded, thicldsh, finely to coarsely reticulate with raised veins 
on both surfaces at maturity (as in S. cordata and S. glaitcophyUa), densely 
to thinly wbito-pilose on both surfaces when unfolding, becoming less so by 
expansion, and finally glabrato at maturity except for pubescent petioles, 
midveins, and sometimes the laterals, on both surfaces and especially above 

Aments short-pedunculate, ascen^ng to spreading, appearing with the 
leaves. 

Staminate aments 2 6-3.6 or 4 cm long, 1-1 3 or 1.6 cm wide, dense, decid¬ 
uous when the leaves are half grown; the peduncles stout, densely pilose, 
0.6-1.0 cm long and bearing 2-4 or 5 oblong or elliptical, entire or subentire, 
glabratc, green, leaflike bracts 1-2 cm long; flower scales obovate or the 
lower oval, obtuse, 1.3-2 mm long, dark brown or blackish, densely pilose 
with straight hairs longer than the scale; stamens 2, filaments free, about 
5 mm long, sparingly pubescent on the lower fifth to half; anthers oval, yel¬ 
low, the stamens sometimes browning in drying. 

Pistillate aments 3 or 3.6-6 cm long and 12-16 mm wide in anthesis, rather 
laX| becoming 4 or 6-7 or 8 cm long and 2.0-2 4 cm wide in fruit; peduncles 
as in the staminate but 0 8-1.5 cm long and bearing 2-4 elliptical, entire 
to shallowly crenulate-semilate, leaflike bracts 1-2.6 or 3 cm long and 0.6- 
1.0 cm wide; flower scales brownish to black, 1 3-2 mm long, narrowly to 
broadly obovate, obtuse or occasionally acutish, densely clothed with 
straight hairs exceeding the scale in length; gland 1, filiform, capitate, 0.7- 
1 mm long; capsules lanceolate and 4-6 mm long in anthesis, beimming 6-9 
mm long, bro^y lanceolate from a round base, and brown in fruit, gla¬ 
brous; i^cels 1.6-2.6 mm long in anthesis, 2-3 mm long in fruit, glabrous, 
stoutish, becoming brown; styles stoutish, 0 6-0.8 mm long, stigmas short, 
divided 

Variety albovettiUi differs from S. glaucophyUa in broader, more cordate, 
and more acuminate leaves, and in hairiness. The blades arc more definitely 
lanceolate, with roimded to deeply cordate bases and short-acuminate to 
acuminate apexes. In the species the leaves mostly are oblanceolate or ellip¬ 
tic-lanceolate, acutish to rounded but seldom cordate at base (except in var. 
latifolta), and are merely acute to short-acuminate at apex. In var. albovea- 
tUa the young shoots are more or less densely white-pilose. This applies to 
brancblets and bud scales and to the petioles, midrite, and sometimes the 
lateral veins of full-grown leaves. During expansion both stipules and leaf 
blades usually are covered with white hairs In the species the young branch- 
lets often are gray-pubescent, but the other organs named usually arc gla¬ 
brous or glabrate. The filaments likewise are hairy in the variety and gla- 
brate or glabrous in the species. 

From S, eordata the new variety is separated by larger aments and cap¬ 
sules, longer scale hairs, and longer styles, as well as by broader leaves, and 
denser hairiness. From S. adenophyUa this variety is readily separated by 
the longer and more acuminate leaves, loosely crenate-serrate, and becoming 
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glabrate except on the midveins. In S. odenophyUa the leaves are more 
nearly ovate, closely beaded on the margin with small, almost perpendicular, 
gland-tipped teeth, and permanently densely hairy. 

DISTRIBUTION AND BISTORT 

This variety occurs along the south shore of Lake Erie at least from north¬ 
western Pennsylvania to north-central Ohio. A single typical collection has 
been made in Beaver County, Pa., near the Ohio River northwest of Pitts¬ 
burgh and about 100 miles south of the lake. Sterile specimens from Lake 
Huron and from the mountains of southwestern Virginia are very similar. 
Possibly this represents a relic of a once wider distribution. 

This variety is the Cedar Point, Ohio, willow listed by Werner (4) and 
Kellerman and Werner (3) as "intermediate between S. eordata and 8. 
adenophyUa" and the Erie County, Pa., vrillow discussed and illustrated 
by Griggs (1) as S. adenophyUa and by Jennings (2:348-56) as S. eyrtkola. 
Griggs’s description and right-hand shoot in plate 14 are true adenophyUa 
(but not from Lake Erie), but his final paragraph, the left-hand figures in 
plate 14, and the enormous leaf in the center of plate 13 (8. eordata) are of 
this variety. 

Specimens examined are listed below. Containing herbariums are desig¬ 
nated by initials, as follows: CM, Carnegie Museum; CRB, Carleton R. 
Bali; OE8, Ohio Agricultural Experiment Station; OSU, Ohio State Uni¬ 
versity; USN, U. S National Herbarium; VPI, Virginia Polytechnic Insti¬ 
tute. 

Pennsylvania: Ene County: Presque Isle (unless otherwise stated), all 
CM. 

Staminate /lowering: Otto E, Jennings, May 15, 1906 (2 sheets, Aoc. No. 
2898); Jennings, May 8-9,1906 (8 sheets, Acc. 3130, Staminate TStpe), Gus¬ 
tave Chdtenberg, see below. 

PutiUate JUmenng: Oustave Outtenberg 2621a, Cummins’s Bank, Apr. 28, 
1879 (Acc. 261, bearing both staminate and pistillate tytigp); Jennings, May 
8-9,1006 (6 sheets, Aco. 3130, Pistillate TTrs). 

PistiUate fruiting • QuUenberg 2021, May 28, 1879 (Acc. 261); Jennings, 
May 16, 1905 (Acc. 2898); GuiterAerg fold fruit), June 11, 1881 (Acc. ^1); 
Jennings (old fruit), June 8-9, 1906 (Acc. 3130; Jennings (old fruit), June 
2-3, 1908 (6 sheets, Acc. 3711). 

Fdiags ' Oustave OuUenberg 2626?, Big Bend, Presque Isle, Aug. 4, 1882 
(Acc. 261); J. A. Shafer, Sept. 9 (2 sheets). Sept. 10 (enormous ovate leaves 
to 5.7X13 cm.), Sept. 11 (4 sheets, one with enormous ovate leaves to 
6.3X16 cm). Sept. 12,1900 (all Acc. No. 1560); Otto E. Jennings, Aug. 24, 
1905 (Acc. No. 2898); Jennings, Sept. 20-22, 1906 (2 sheets, Aoc. No. 
3130); James R. Farrell, just back of Winter Wave Strand, July 15,1930 (as 
S. rostrata, glabrate, Acc. No. 10127); B. H. Patterson, Northeast, Erie 
County, Aug. 22,1908 (2 sheets, glabrate, Aco. No. 6210). 

Beaver County: Ravine, Beaver, abundant in woods and roadsides, W. R. 
Van Dersal 1229, May 3,1930 (Aoc. No. 10671, CM). 
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Ohio: Erie County: Castalift, R. F. Origgs 638a, July 10, 1900 (OSU, as 
5. cordata X condtda). Cedar Point, A, D, Selby 1449, 1460 (“7 ft, densely 
wooUy”), 1451 (”4 ft., densely wooUy”), 1466 (“4-5 ft”), 1458 (“8-10 
ft”), all May 18, 1900 (all OES); on a sand dune, GriggSf Aug. 14, 1900 
(OSU, as S. cordata, sprout with leaves up to 6.5-7 cm wide and more than 
16 om long; also in CRB); F 0, Grover, June 9, 1902 (OSU, as 8. cordata); 
Griggs, June 28, 1904 (2 sheets, as S, adenophylla, OSU). 

The following sterile specimens are referred somewhat doubtfully to the 
new variety, pending collection of fruiting material from these or other 
localities remote from Lake Erie: 

Michigan: Huron County, Single clump of small sprouts 3-4 ft high on 
land side of second row of dunes on Sand Point, Bay Port, C. R. Ball 70b, 
Sept. 17, 1902 (CRB, as S, glaucophytla), 

Virginia: Roanoke County: Back Creek, near Starkey, “much whiter 
looking than ordinary willow,” J, FaunUetoy 663, Aug. 8, 1914 (USN, as S. 
cordata). The leaves are rather large, lanceolate, cordate at base, closdy be¬ 
set with incurved teeth, branchlets white-pilose, also the bud scales, petioles, 
midribs, and blades of younger leaves. 

Montgomery County ^ Norris Run, near New River, A, B, Massey, Sept. 
28, 1938 (VPI, as S, cordata), the leaves white pubescent and white-glaucous. 
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MEDICAX ENTOMOLOGY.— Mosquito transmission of encephalo¬ 
myelitis, or brain fever, of horses.^ F. C. Bishopp, U. S. Bureau 
of Entomology and Plant Quarantine. 

The well-recognized economic importance of mosquitoes has been 
further emphasized by the recent discovery that these insects are ca¬ 
pable of transmitting equine encephalomyelitis, or brain fever, of 
horses. This malady has appeared periodically for many years in 
outbreak proportions in various parts of the United States, although 
until recently the disease has not been clearly differentiated from 
forage poisoning. 

The disease is caused by a minute organism so small that it can not 
be seen with the highest-power microscopes, and it passes through the 
clay filters that catch and hold the germs responsible for most diseases. 

* Read before the 13th Annual Meeting of the Florida Antl-Mowiulto AaMOlatlon, 
Deytonn Beach, Fla., April 17, 1030. Reerived May 27, 1030. 
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There are recognized at present two rather distinct types of the dis¬ 
ease, usually spoken of as the eastern and western. The former is con¬ 
fined to the Eastern Seaboard and is generally acute, producing a 
mortality of 80 to above 90 percent. The western typte is less severe, 
the mortality usually being about 20 percent. 

The economic losses due to the disease are very heavy, and prac¬ 
tically all parts of the country have felt the blow. For instance, the 
Bureau of Animal Industry, United States Department of Agricul¬ 
ture, has collected records of 184,662 cases in 1938 in 39 States, with 
a mortality for the entire country of 21.4 percent, or a death loss of 
about 39,518 horses and mules. Florida was among these States. The 
cases reported in this State were few but the mortality was high. The 
loss due to the occurrence of the disease among horses during 1938 
may be conservatively placed at $10,000,000. In 1937, 173,889 cases 
were reported in 37 States, with a mortality in different areas ranging 
from about 20 percent in most western States to 100 percent in some 
eastern and southern States. 

One of the most severe and widespread epizootics of the disease oc¬ 
curred in 1912. This outbreak reached its most devastating propor¬ 
tions in central and western Kansas and Nebraska, where the death 
loss was estimated at 35,000 head. Epizootics appear to recur at 
intervals of 10 to 15 years, with numerous sporadic or enzootic ap¬ 
pearances between. The losses are intensified by the fact that work 
animals j'e often stricken in the midst of harvest, and in not a few 
cases a farmer has lost every animal at that critical period. 

The importance of the disease and of mosquitoes that might serve 
as carriers of it was further emphasized by the determination last 
year that encephalomyelitis of horses is transmissible to man. L. D. 
Fotbergill and associates* demonstrated the presence, in the brain 
of a child who had died of acute encephalitis, of a virus indistinguish¬ 
able from the eastern type of encephalomyelitis which appeared 
among horses in Massachusetts during the siunmer of 1938. This 
identification was confirmed by L. T. Webster and F. H. Wright,* 
who described similar findings in four other fatal human oases. The 
diagnosis of the first case referred to above was further confirmed by 
H. W. Schoening, L. T. Giltner, and M. 8. Shaban.* 

R. F. Feemster,* of the Massachusetts Department of Public 
Health, published a general account of the outbreak in Massachusetts 

* New England Journ. Med 219: 411. 1088. 

* Science 88: 30S-30e. 1038 

* Science 88: 409-410 1038 

* Amer. Journ. Public Health 28: 1408-1410 1088. 
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with comment on its relation to the epizootic among horses in that 
State. He points out that there is ‘'a universal history of mosquito 
bites” among the cases investigated. He states also that no connection 
between cases indicating contact infection has been traced and that 
no contact at all with horses could be discovered in some of the cases. 
The incidence was high among children, 37 percent being under 2 
years of age and 69 percent under 10 years. Tlie mortality was high. 
Death occurred in 25 of the 38 cases dehnitcly diagnosed as being 
caused by the eastern virus of encephalomyelitis or strongly suspected 
of being that disease. 

In November 1938, C. M. Eklund and Alex Blumstein* reported 
the occurrence in 1037 of six cases of encephalitis in farmers in Min¬ 
nesota, the serum from one neutralizing equine virus of the w'estern 
type. One of the farmers had had no contact with sick horses. Two 
of the men died. 

The occurrence of the disease in horses has attracted most atten¬ 
tion, but a number of other animals and birds have been shown to be 
susceptible to artificial exposure. Among these are sheep, cattle, 
rabbits, guinea pigs, pigeons, monkeys, rats, mice, and ducks. 
Recently E. E. Tyzzer, A. W. Sellards, and B. L. Bennett’ demon¬ 
strated the occurrence of the disease in pheasants m nature, and many 
other species of birds have been found to be susceptible to virus dis¬ 
eases of this group. L. D. Fothergill and J. H. Dingle* found the dis¬ 
ease in common wild pigeons not in confinement. 

The onset of the disease in horses and man is sudden, and nervous 
symptoms are apparent almost immediately and become progres¬ 
sively more pronounced, clearly showing involvement of the central 
nervous system. 

Although it was suspected that some insect might be responsible 
for the sudden appearance and rapid spread of the malady in a given 
locality, it was not until 1933 that R. A. Kelser* announced experi¬ 
ments in which the western strain of the disease was transmitted from 
guinea pigs to numerous other guinea pigs, and to a horse by the bite 
of the yellow-fever mosquito [Aedea aegypti (L.)]. He showed that the 
virus was picked up by the mosquitoes only when they were fed on 
the artificially inoculated animals 48 to 120 hours after these animals 
had been injected, or during the fever period. 

' Joum. Amer Med Assoo 111: 1734-1738. 1938. 

’ Science 88: 505-600 1038. 

• Smenoe 88: 540-550. 1038. 

* Joiirn. Amer. Vet. Med. Aaeoo. 82 (n.e. 3S); 707-771. 1033. 



498 JOURNAL OF THI WA8HINOTON ACADBHT OF 0CIIINCBB TOL. 29, NO. 11 


In 1934 M. H. Merrill, C. W. Lacaillade, Jr., and Carl Ten Broeok** 
reported experiments in which they had repeatedly transmitted the 
disease to healthy guinea pigs with the salt-marsh mosquito [Aedes 
sollicitana (Walk.)]. When the mosquitoes were fed on a guinea-pig 
brain, western virus suspension, and normal horse blood, they did 
not become infective until the seventh day. This mosquito trans¬ 
mitted the eastern type of the disease to healthy guinea pigs 11 days 
after the infective feeding and subsequently at least up to the thirty- 
third day. The authors also succeeded in transmitting the western 
virus with Aedes aegyph but failed to transmit the eastern type. They 
reported that a few tests with the brown salt-marsh mosquito {Aedes 
canUUor (Coq.)] indicate that it will transmit the eastern virus. The 
northern house mosquito [Culex pipiens L.) and the common malaria 
mosquito (Anopheles guadrimaculatus Say) failed to transmit either 
type of the disease. These authors showed that in order to become 
infective the mosquitoes must feed on animals when the virus content 
of the blood is high and that the virus multiplies greatly in the 
mosquito. It has been shown that the virus is present in body fluids 
and in all parts of the body and even in the legs of mosquitoes. 

In 1936 J. S. Simmons, F. H. K. Reynolds, and V. H. Cornell^ 
published an account of the transmission of the western type under 
experimental conditions by Aedes alhopictus Skusc, a preliminary 
announcement having been made in the Annual Report of the 
Surgeon General of the United States Army for 1934. This is an 
Asiatic species and hence can not have any part m the transmission 
of the disease in this country. 

D. E. Madsen and G, F. Knowlton** proved that two conunon 
western species of mosquito, Aedes dorsalis (Meig.) and A. nigro- 
maculis (Lud.), were capable of transmitting the western type of 
encephalomyelitis. The period during which the former species was 
infective was from 9 to 19 days after feeding on an infective animal, 
and in the latter from 4 to 10 days. 

In 1937 R. A. Kelser'* added the southern salt-marsh mosquito 
[Aedes taeniorhynchus (Wied.)] to the list of mosquitoes demonstrated 
to be capable of carrying the disease under experimental conditions. 
It is well known that this is the dominant salt-marsh mosquito in 
Florida. 

>*8owaoe80:251-2S2. 1934. 

u Amer. Jonm. Trap. Med. 16; 289-302. 1036. 

u Journ. Amer. Vet. Med. Aeeoe. 86 (n.8. 39): 662-666. 1986; tMd. 69 (n.e. 42): 
187-196. 1036. 

>*Solenee68: 178. 1937. 
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The following year Dr. Kelser** described some experiments with 
Aedes vexans (Meig.) in the transmission of the western type. He 
experienced difficulty in keeping the mosquitoes alive for a sufficient 
period to make a satisfactory test, but one guinea pig out of three 
exposed to the mosquitoes during a period of 8 or 9 days after an 
infective meal was stricken. 

Thus a total of 8 species of mosquitoes have been proved to be 
capable of transmitting the disease; and it should not be concluded 
that others may not be involved, as relatively few other species have 
been tested. 

The experimental results indicate that the period in which the 
virus is present in the blood and can be picked up by mosquitoes is 
distinctly limited. This period is very early in the course of the dis¬ 
ease, and in the case of horses it is mainly prior to the appearance of 
marked clinical symptoms. 

Although infective mosquitoes have not been found in nature and 
many attempts to transmit the disease with these insects have failed, 
circumstantial evidence, as well as experimental results, point 
strongly to mosquitoes as carriers. It is noteworthy that the disease 
outbreaks occur mainly in summer and early in fall and are usually 
associated with great mosquito abundance and in the East with rainy 
or humid weather. The disease in the East is rather closely limited to 
the areas where salt-marsh mosquitoes occur. In the arid West it is 
closely associated with irrigated areas where mosquitoes abound. 
Some cases in winter have been reported, but dia^osis, at least in cer¬ 
tain of these, is open to question, and in some of these instances it had 
not been possible to debar mosquitoes, for, as is well known, mosqui¬ 
toes may be active in winter in warm bams and during warm peri<^. 

In this connection attention is directed to a case in a horse at Ocala, 
Fla., which died on January 13, 1939. The brain of the animal was 
submitted by E. F. Thomas, of Ocala, to the U. S. Bureau of Animal 
Industry, and 0. L. Osteen,'* of that Bmeau, confirmed the diagnosis 
as encephalomyelitis of the eastern type. During the period im¬ 
mediately preceding the appearance of this case the weather was very 
warm, several degrees above normal, and mosquitoes were un¬ 
doubtedly active. 

With reference to the human cases of this disease it can be said 
definitely that several that occurred in 1938 in Massachusetts were 
in individuals who had not had any direct or indirect contact with 

^ Journ. Amer. Vet. Med. Aeeoo. 92 (n^e. 45): 105-203. 1038. 

u Joiim. Amer. Vet. Med. Aaeoo. 94 (ii.e. 47;; 441-442, 1030. 
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horses, and some of them had had no association with any animal or 
bird. Some of the children, however, were reported as being “covered 
with mosquito bites” when admitted to the hospital. 

The fact that a few cases of the disease appear among horses in 
May or June and a period of absence or practical absence of the 
malady intervenes, followed by a severe outbreak in August and 
September, leads one to wonder why the cases do not continue to 
increase right through the summer, and to raise the question as to 
where the disease holds over during such periods and also through 
the winter. Some have suggested that this carry-over may take place 
in some bird. As is well known, birds and poultry are freely attacked 
by mosquitoes. There is also the possibility that the virus may be 
kept alive in the mosquito or that it may be carried through the egg 
and larva from one generation to another. The tests with hereditary 
transmission conducted by L. T. Giltner and M. S. Shahan** have, 
however, been negative. 

The fact that the virus is short-lived when exposed and that it will 
remain viable and multiply in mosquitoes also favors the mosquito 
theory of transmission. In cooperative tests carried on by the Bureau 
of Animal Industry and the Bureau of Entomology and Plant 
Quarantine” yellow-fever mosquitoes when fed on healthy guinea 
pigs produced the disease 7 to 74 days after being engorged on an in¬ 
fected animal. 

The comparatively low incidence of the disease among horses 
kept in stables at night and among those which are sprayed with 
insect-killing or repelling materials has been noted by several 
authors, and fits in with the mosquito theory. 

No species of mosquito has a distribution and a seasonal prevalence 
that coincide with the incidence of the disease. However, there is no 
reason to attach responsibility to a single species when several have 
been shown to be effective vectors. Aedea vezana is the most widely 
distributed of the proved vectors, and it is often very abundant and 
attacks horses and people viciously late in summer, when the peak 
of the disease usually occurs. Its presence in large numbers, however, 
is by no means restricted to late summer and fall. A. donalis is an 
extremely abundant species over much of the area in the central 
and western States where the disease has been prevalent. A. nigro- 
macuiis is much more restricted in distribution, being confined to the 
plains and irrigated areas from Texas to Canada and New Mexico 
to Idaho. It is a severe biter and at times becomes abundant. A. 

H Joum. Amer. Vet. Med. Aaeoo. 88 (it.e. 4t): 363-374. 1036. 
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soUicitaru, as has been indicated, is often extremely abundant at the 
peak of an epizootic of the eastern strain and largely covers the area 
where that type is prevalent. The disease has been less prevalent in 
the area where the southern salt-marsh mosquito (A. taeniorhynchtis) 
is abundant, and A. aoUicitans is usually present along with that 
species. A. aegypli might play an important part in the transmission 
of the malady in the South, but this mosquito docs not occur where 
the disease has been most prevalent. Since only one positive case of 
transmission of the eastern virus by this species occurred out of many 
attempts, it may be assumed that Aedea aegypli is not likely to be of 
importance as a vector, except in the South where the western virus 
is present, notably in Texas and Oklahoma. The reported lower 
incidence of the disease among stabled horses does not fit in with the 
building-inhabiting tendencies of this mosquito. 

There is obviously much to be learned about this dangerous 
malady and the relation of insects to its transmission. However, while 
this information is being sought it seems logical to take action against 
mosquitoes and as far as practical to protect man and horses from 
mosquitoes and other biting insects, especially when the disease is 
present in the region. 

ENTOMOLOGY.— NomendaloricU notea on Corrodentia, wilh de- 
acriptiona of two new apeciea of Archipsocus.^ Ashley Buell 
Gurney, U. S. Bureau of Entomology and Plant Quarantine. 
(Communicated by C. F. W. Mubsebeck.) 

For the past several years Dr. T. £. Snyder, of the Division of 
Forest Insect Investigations, Bureau of Entomology and Plant 
Quarantine, United States Department of Agricultme, has noticed 
unsightly psocid webs on the trunks of trees at New Orleans, La. The 
psocid responsible for the webs belongs to a genus hitherto known, 
among living species, only in tropical regions, and probably it is an 
established adventive in this country. As the species does not seem 
to agree with the description of any previously known species, it is 
here described as new. A second new species of Arckipaocua, collected 
in Panama by James Zetek, is also described. 

The opportunity is taken to present various notes on the nomen¬ 
clature of Corrodentia. While certain of these matters may remain 
open to debate until definitely settled by the International Commis¬ 
sion on Zoological Nomenclature, it seems worth while to place the 
facts on record. 


> Reoelved M»y 28,1S80. 
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Genus Archipaocui Hagen 

Arehipaoctu Hagen, Stettin. £nt. Zeit. 43: 222-225, pi. 1, fig. x, 1-10. 1882. 

(Genotype, A. pvber Hagen, by monotypy.) 

The genus Archipsocus was based upon a single fossil species, pvber, from 
East Prussian amber. At the time of the original description only long¬ 
winged specimens were known. Enderlein (1011a) has since recorded a short- 
winged female of puber and has redescribed the genus (1003a, 1011a). Among 
the important generic characters are the following: Head subquadrate in 
dorsal view; compound eyes with many facets; antennae 13-segmented; 
prothorax distinct and free; wings rudimentary or as long as body, bearing 
setae and fine pubescence, venation of t}rpe illustrated by nomas (Figs. 4-6); 
tarsi 2-segmented; claws 2 in number, each with a ventral appendage. The 
excellent preservation obtainable in amber allows the close comparison of the 
structural details of the fossil genotype and the recent species. Details of 
the antennae and tarsi of puber illustrated in 1882 are remarkably like those 
of living species. 

Temporarily, at least, the writer follows Banks (1920) in placing Ardtipao- 
cus in the family Empheriidae (not Empheridae), but the latter's classifica¬ 
tion does not agree with those of Kamy (1930) and Pearman (1936a), and a 
future change is anticipated. 

The following recent species of Arcktpaoeua have been described: A. 
recens Enderlein 1903a (Ceylon to Formosa); A. braathanua Enderlein, 
1906 (Brazil); A. textor Enderlein, 1911b (Africa); A. neena Enderlein, 1914 
(West Africa); A.femandt Pearman, 1934 (Ceylon); A. btguUatua Pearman, 
1930b (Ceylon). 

Archipsocus nomas,* n. sp. Figs. 1-14 

Short-mnged female —General form (Fig. 1) typical of genus. Head with 
coronal suture and frontal sutures feebly indicaW. Caudolateral angles of 
head with long curved setae. Compound eyes each with more than 20 facets. 
Median ocellus slightly smaller than lateim ocelli. Apical se^ent of maxil¬ 
lary palpus thrice as long as wide, twice as long as penultimate segment. 
Lacmia (“pick") (Pig. 8) curved at base, flattened and expanded in apical 
third, apex forked. Length of antennal segments 1-13 (Pig. 3) in the foUow- 
in^ ratio: 1:2:1.6:0 8:1:1:1:1:1:0.9:0.9:0.8:1.5. Laterocervical sclerite 
(Fig. 14) with articulatory projections along margin. Pronotum transverse, 
lateral margins rounded; each caudolateral angle bearing several curved 
setae. Front wing (Fig. 6) extending beyond teigum 1; venation much re¬ 
duced. Hind wing r^uced to a tiny lobe about as loi^; as first tarsal segment. 
Legs (Figs. 10-12) as illustrated. Tibiae clothed with short setae, those at 
apex (Pig. 9) stout and spurlike. Each claw with a curved ventral appendage. 

Abdomen clothed with fine setae, unsclerotised except terga 1-2 and 
genital sements. Genitalia as shown in Fig. 2 in ventral view. Sderotized 
area of suDgenital plate emarginate at base. Anterolateral lobes of tergum 
9 strongly sclcrotised and curving hooklike about bases of gonapophyses. 

' From the Latin word meaning a nomad, in allusion to the fact that the pretant 
■peelee ie probably introduced from ita original home. 
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Gonapophysis (Fig, 7) with middle third unsolerotised and in difltinot con¬ 
trast to well-eclerotised remainder, a heavy curved bristle borne near medial 
margin, setae borne on disk and posterior margin as illustrated. Posterior 
margins of paraproots broadly rounded ventrally, dorsal margin less broadly, 
so that an acute apex of the latter appe^ when seen in ventral view, 
Supraanal plate broadly rounded, unspeoialised. 

Coloration: General color dark brown; compound eyes and ocellar triangle 
black; palpi, antennae, tibiae, and tarsi pale. Wing transparent, gray. 

Measurements: Length of body 1.6 mm, of antenna 0.51 mm, of wing 
0.42 mm, of hind tibia 0.42 mm; width of head 0.45 mm. 

Long-mnged /emafe.—Differing from short-winged female only in struc¬ 
ture of mesothorax and metathorax and in the presence of fullv developed 
wings. Lateral tergal lobes of mesonotum and metanotum well aevelopeo to 
accommodate muscles of flight. Winp with venation as illustrated (ilgs. 4, 
5). Front wing entirely covered by setae; setae of hind wing not extending 
basad of apicfd half except along posterior margin. 

Coloration: Dorsal sutures of thorax conspicuously dark, otherwise agree¬ 
ing with short-winged female. 

Measurements: Length of front wing 1.3 mm, of hind wing 1 mm; other 
measurements as in short-winged female. 

Short-winged male ,—Differing from female mainly in smaller size, vestigial 
ocelli, and genitalia Ocelli not distinct, present o^y as tiny spots in same 
location as those of female. Front wing scarcely reaching posterior margin 
of tergum 1, Tergum 9 irregularly and feebly emarginate along anterior 
mar^n; lateral extremities broadly joined to lateral margins of posterior 
sclerite of subgcnital plate (Fig. 13). Anterior sclerite of subgenital plate 
transverse, broadly emarginate anteriorly, deeply emarginate at lateral 
extremities. Phallic armament dorsad of subgenital plate visible through 
the latter as illustrated. Anterior ends of lateral arms flattened and join^: 
lateral arms entirely separated from posterior portion, which is V-shaped 
and pointed at the apex Paraprocts well sclerotixed dorsally only, so that 
when seen in ventral view (Fig 13) the concave surface of the supraanal 
plate and the inner surface of tergum 9 are visible through the transparent 
ventral portion of the paraprocts. 

Coloration: As in female 

Measurements: Length of body 1.4 mm, of antenna 0.43 mm, of wing 
0.20 mm, of hind tibia 0 36 mm; width of bead 0.37 mm. 

Nymphe ,—Ten immature specimens, representing both long-winged and 
short-winged forms, arc at hand, 'fhe antennae are IS-segmentcd and tarsi 
2-6Cgmented in the specimens, which range from 0.7 to 1.5 mm in length. 
The Bmallcflt individuals have no wing pa(6. The coloration averages lighter 
than in the adults. The compound eyes are black. 

Vanaixon ,—A few short-winged females intergrado in wing lei^h with 
the long-winged form The wings of 18 of these intergrading specimens are 
longer than normal for the short-winged condition, ranging from slightly 
longer than normal to 0.75 mm in length. Body size is remarkably constant 
in short-winged females; a few varying specimens rangefrom 1.64 to 1,76mm 
in body length. Throughout the series the female genitalia are constant 
in sAl important respects. The arrangement of setae on the gonapophvses 
varies subtly, but the total number of setae is seldom grater than illus¬ 
trated (fig. 2) and a condition corresponding to the description of brostlfanus 
has not been found. Long-winged females range in body length from 1.6 
to 1.9 mm and in wing length from 1.1 to 1.3 mm; The lateral margins of the 
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ba^ solerite of the mide subgenital plate vaiy in outline from a simple curve 
(Fig. 13) to a broken, irregular condition No other noticeable variation has 
been seen in the paratypic series. 

Type locality. —Audu^n Park, New Orleans, La. 

Type.—U. 8. N. M. No. 53218. 

Holotyw. —Short-winged male collected at the type locality by T. E. 
Snyder about October 6,1938. 

Allotype. —Short-winged female with same data as the holotype. 

Paraiypea .—Nine nymphs, 130 short-winged females, 16 long-winged 
females, and 18 males with same data as the holotype; 1 nymph, 116 
short-winged females, 4 long-winged females, and 1 male taken at the typo 
locality September 28, 1938; 9 short-winged females, 2 long-vinged femides, 
and 2 males taken by T. E. Snyder at the type locality August 22, 1938. 
Of the above parstypm, 10 short-winged females, 2 long-winged females, 
and 2 males are defxiHit^ in the Museum of Comparative Zoology, Cam¬ 
bridge, Mass. With the exception of a few slide-mounted specimens treated 
with potassium hydroxide, and potassium hydroxide plus stain, all the 
material is preserved in alcohol. 

The previously described species most likely to be confused with nomas 
is brasiltanus. The latter differs from nomae in the larger number of setae 
on the gonapophyses of the female and in the proportions of the antennal 
segments. The basal emargination of the anterior margin of the subgcnital 
plate, the division of each gonapophysis into a sclerotised and an unsclcro- 
tised portion, and the presence of a largo bristle on the median margin of 
each gonapophysis are conspicuous features of ruma». On the basis of Ender- 
lein’s figures of braetliantis, that species lacks these characters. 

Arcbipsocus panama, n. sp Fig. 15 

The most noticeable difference between panama and nonuu is found in 
the male genitalia (Figs. 13, 16). Other important differences in panama are 
smaller sise and proportionally longer antennae as compared to other bodv 
structures. Unfortunately, the male of branltanua has not been described, 
but, on the basis of Enderlein's measurements, this is a larger species than 
panama; the description of the female differs from that of panama as from 
that of nomaa. 

In color panama is slightly ligher than nomaa. The following description is 
abbreviated because of the great similarity, except as noted, to nomaa: 

Short-vnnged female .—(^neral form as in nomaa. Lacinia with apical fork 
slightly more acute than in nomaa. Length of antennal segments 1-13 in the 
following ratio: l:1.6:1.4:l:l.l:l.l:0.8:l:0.7:0.9:0.7:l:l.3. Setae on ab¬ 
domen little developed, less noticeable than in nomaa. Gonapophysis of 
genitalia with curvra bristle near medial margin less strongly sclerotiscd 
than in nomaa. 

Measurements: Length of body 1.43 mm, of antenna 0.67 mm, of wing 
0.19 mm, of hind tibia 0..33 mm; width of head 0.37 mm. 

Long-winged fajnale .—Differing from short-winged female only in same 
way as nomaa. mngs as in nomaa. 

Measurements: Length of antenna 0.61 mm, of front wing 1.07 mm, of 
hind wing 0.93 mm, of hind tibia 0.30 mm; other measurements as in short- 
win^ female. 

Short^nged male .—Differing from female as in nomaa. Phallie armament 
(^. 16) horseshoe-shaped; anterior ends of lateral arms expanded and 
flattened, but not unitM; separation between lateral arms and posterior 
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FIbb. 8-14 —ArchipMcut mmoM, new gpeoies: 8, Short-win^ fenutle, left entenne: 
4, long-winged female, right front wing; 5, eame. ri^t hind wing; 6, ahort-wingea 

e, right gpnapoptiyBiB, ventral view; 8, same, liiht 
of UbU^mlddlele. . . . 


female, right front wing; T 
laolnia; 0, same, tareus ano 


apex \ra uajawe va auauuav v iwv | 

iddle leg; 12. same, hind leg; 13, short-winged male, 
; 14, ahort-winged female, laterooervloal sderite. 


leg, side view; 10, same, front^L 
apex of abdomen, 


11, same, mi< 

ventral view; _ 

Fig. 16.—ArcAtpsoeiM panama^ new species: Short-winged male, ventral view of 
genitiuia, anterior portion uppermost. 

All drawings mjule by the author from paratypes except that of panama (Fig. 16), 
which is from the.holot^. , 
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portion indicated by weakened sclerotisation, but not entirely separated as 
in nomaa; apex of posterior portion broad and platelike, unlike rtomaa (Fig. 
13). 

Measurements: Length of body 1.05 mm, of antenna 0.53 mm, of wing 
0.14 mm, of hind tibia 0.31 mm; width of head 0.32 mm. 

Nymphs .—There are three n}miph8, apparently females, in the instar 
immediately preceding maturity. The three spedmens are of uniform sise, 
1.2 mm long, and very pale except for the black compound eyes. The wings 
are well developed and extend one-half the length of the abdomen. 

Variation,—A b the measurements indicate, the antennae and hind tibiae 
of the long-winged female appear to be proportionately longer than those 
of the short-winged female. Since only two of the latter have been studied, 
the differences may represent normal variation. 

Type locality. —Barro Colorado Island, Canal Zone, Panama. 

Type.—H. 8 . N. M. No. 63375. 

H<Aotype. —Short-winged male collected at the type locality, March 24, 
1939, by James Zetek. 

AUiOlype. —Long-winged female with same data as the holotype. 

Paratypes .—One short-winged male, three short-winged females, 17 
long-winged females and three nymphs with same data as the holotype. Six 
paratypes are mounted on slides; the remaining material is in alcohol. 

HABITS OF ABCHIP80CTJB 

Dr. Snyder has kindly furnished the following notes concerning 
Archipsocus nomaa: 

“Early in July and August 1934 the extensive webs of this psocid attracted 
considerable attention in the parks and streets of New Orleans, and we 
received many inquiries with regard to it. The entire trunks of large live 
oak and hackberry trees were covered by tough webs, and this included 
some of the larger branches 20 or 30 feet above ground. Apparently the 
psocids were feeding on lichens which grow luxuriantly on the moist tree 
trunks in this damp climate. 

“It was interesting to note how these extensive webs began They first ap¬ 
peared as small islands on the trunks of trees, which islands of web gradually 
coalesced until the whole surface of the trunk completely around the tree 
was covered. 

“The superintendents of various city parks and the Federal cemetery 
requested information as to how to control these insects which were making 
such unsightly webs on the trera. We recommended that the larger branches 
and trunks of the trees be scrubbed with oil emulsions. By the use of ladders 
and long-handled brushes, these control measures were adopted by the 
various city parks. Similar webs were found on shade trees along the nearby 
Gulf coast of Mississippi, and we received several calls from this region as 
to how to control the insects making the webs. 

“No further webbing was observed until September 1937, when the same 
conditions as in 1934 prevailed. It is quite possible that the insect was 
present in small numbers during the interval, but if so it was not in sufficient 
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numbers to be noticeable. In August 1938 this psocid again became so abun¬ 
dant that its webs became noticeable. Toward the end of September 1938 
the insects became less numerous under the webs, the webs had become 
broken, and Argentine ants were carrying away quite a few of the insects." 

The specimens of Archipsocua panama were associated with scale 
insects on twigs of “sigua" (either Nectandra globoaa or Octdea cemua, 
identification uncertain), one of the laurel family. More detailed 
information is lacking. 

It is evident that the web-spinning habit of nomaa closely parallels 
that of other species of Archtpaocua. Enderlein (1003a) quotes a cor¬ 
respondent, Ludwig Bir6, at length regarding the habits of recena 
at Singapore. Webs, about 15 to 30 centimeters broad and up to 6 
to 8 meters long, were observed on tree trunks, and colonies of the 
psocids lived beneath the web, feeding mainly on algae, lichens, and 
other plants occurring on the bark enclosed by the web. Green (1012) 
has discussed Archtpaocua webs found covering in profusion an orange 
tree in the Royal Botanic Gardens at Colombo, Ceylon. Pearman 
(1036b) states that the species reported by Green was recena. Accord¬ 
ing to Green, the web serves mainly for protection, though he has 
observed an hemipteron and a thrips attacking the psocids. The silk 
comes from the mouth, and as the insects wander around, with no 
apparent design, a tangle of threads results. Enderlein (1012) discusses 
the webs of recena in detail, as described by a correspondent in Java. 
On citrus bushes and other plants the webs are frequent and extensive. 
Judged from photographs, they are similar to those of the eastern 
tent caterpillar {Malacoaoma americana (F.)) in the United States. 
They envelop small branches, and hundreds of the psocids, mostly 
short-winged females, live beneath the webs. Protection from the 
attacks of ants was considered an important function of the web. 
When a web was partially removed, passing ants fell upon the help¬ 
less psocids at once. 

Enderlein (1906) says that braailianua has been collected from 
webs spun in the corners of the walls on a veranda of a house at Pard, 
Brasil. The species textor, femandi, and higuttatua are web spinners 
(see Enderlein, 1911b; Pearman, 1934,1936b), and/emondt is said to 
spin webs on the under surfaces of decaying leaves on the ground. 

It is well known that many psocids cover their eggs with a thin, 
transparent layer of silk. Borgmeier (1928) has reviewed the principal 
literature of web-spinning psocids and described in detail the webs of 
Epipaoeua borgmeieri R, Karny. 

Two specias of Ardtipaoeua, femandi and biguttatua, are of special 
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interest since they are viviparous; according to Pearman (1936b) they 
are the only viviparous psocids known, and the females lack gona- 
pophyses. Fernando (1634) has studied the embryology of femandi. 

NOMENCLATORIAL notes on CORRODENTIA 

Almost since the time of Linnaeus there has been a confused state 
of the nomenclatiu'e centering about two common and widespread 
species of book-lice, Trogium pulsatorium (L.) and Ltposcelia divtna- 
torius (Moll.)- This confusion has had a bearing upon the nomen¬ 
clature of certain psocids which are members of families other than 
the Trogiidae, as for instance the genus LachestUa Westwood. For 
some years the name Troctea dinnatonua (Mtill.) has been employed 
by the Bureau of Entomology and Plant Quarantine, and as the 
name Troctes apparently can no longer be held valid it seems worth 
while to review in detail the facts concerned in the confusion. The 
information below is arranged chronologically under the genera in¬ 
volved. 


Genus Trogium llliger, 1798 

1758 (p. 610), Linnaeus described Termea pulaatortum. 

1761 (p. 474), Linnaeus treated Termea pulaatortum, with a reference to 
the work of 1758. 

1775 (p. 311), Fabricius treated Hemerobiua pulaalortua, with references to 
Linnaeus and other workers. 

1778 (pp. 41-47, 868-809, pi 4, figs. 1-4), Degeer described Termea Itg- 
nanum and listed pulaatomm L. as an equivalent. Dcgcor’s description 
applies mainly to the true pulaatonum L, but his figures make it evi¬ 
dent that be had a mixed series Of Degecr’s illustrations, only fig. 1 
represents pulaatortum L. 

1781 (pp. 394-395), Fabricius treated pulaalortua and included a reference 
to "Degeer Ins. 7. 1. tab. 4. fig. 1." 

1798 (p. 500), Illigcr proposed Trogium as a new genus with one included 
species, Hemerobiua pulaalortua F 

1928 (p. 179), Pearman objected to the name Trogium, .saying that Fabri- 
cius's diagnosis of pulaalortua was insufficient and was followed by 
citations referring to both pulaatoriua and dtvtnalonua. 

. Concluaton,—Trogtum is a valid genus, with pulaatortum L. as its tyiie. 

Diacuaaion. —Fabrioius’s characterisation of pulaalortua, though brief, 
certainly constitutes a description. In both publications he lists definite 
citations to Linnaean works. The reference in 1781 to "Degeer Ins. 7. 41. 
1. tab. 4. fig. 1." is significant, for this figure depicts the true pulaatortum L., 
whereas Degeer’s other figures are of certain other species. Thus Fabricius 
designated the particular figure which correctly represented pulaatortum. 
Under the circumstances lUigcr's "pulaalortua Fabr." appears clearly to 
refer to the true Linnaean species, and a genotype of Trogium is considered 
to have been properly established. 
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Genus Atropos Leach, 1815 

1768 (p. 610), Linnaeus described Termea pulsa^num, 

1778 (pp. 41-48, 86&-869, pi. 4, figs. 1-4), Degoer described Tenma 
lignartum and listed Termes pulaatortum L. as an equivalent. 

1815 (p. 130), Leach erected the genus Airopoa with one sxiecies definitely 
included, Termea lignartum Dog. Leach considered that Paocua faitdtcua 
F. was doubtfully a member of the genus Atropoa, Termea ptdaaiortum 
L. and the Paocua pulaatoriua of Fabricius, Latreille, and Coquebert 
were listed as equivalents of Termea Itgnarium. 

Concluaton —The type of Airopoa is lignartum Deg. (a synon}™ of pul- 
aaiortum L); accordingly, the genus is isogenotypio and synonymous with 
Trogtum Illigcr, 1708. 

Dtacuaaion. —Degeer’s description applies to true pulaaionum L. (judged 
from remarks describing the eyes and the reddish abdominal spots), and 
the first species cited is Termea pulaatonum L. Figure 1 is clearly pulsate^ 
rtum, but the other figures and certain features presented in discussion are 
of both dtvtnalonua and nymphs of certain winged psocids. While it is 
evident that Dcgeer possessed a mixed collection, his clear intention of 
basing lignartum on the same species as Linnaeus’s pulaatonum and his 
citation of the Linnaean name fix his species as a S 3 aion 3 mi of pidaatonum. 
Thus the typo of Airopoa is the same as that of Trogtum (see under that 
genus) and the former generic name falls as a synonym. 

Genus Troctea Burmeister, 1839 

1758 (p 610), Linnaeus described Termea pulaatorium and Termea faiidxcum, 
1776 (p 184), Mttller described Termea dtvtncionum. 

1708 (p. 500), Illiger proposed the genus Trogtum with one included species, 
Uemerobtua pulaalonua F. 

1839 (pp. 773-775), Burmeister proposed the genus Troctea with two in¬ 
cluded species, Termea pulaaionum L. and Termea faltdtcum L. 

1840 (Syn., p. 47; text, pp. 19-20, fig. 69: 13, 16-18), Westwood proposed 
the genus LocheaiUa with genotype and oidy species Termes ftUidxcum L, 

1866 (p. 220), Hagen listed both pulaatonua Burm. emd faitdtcua Burm. as 
synonyms of dttnnaionua Mtill. 

188Qa (pp. 132-134), Kolbe discussed Troctea dtvinaionua and listed both 
pulaatonua and fatidtcua of Burmeister as synonyms. The present writer 
has found no gonot^n>e designation in Kolbe’s pamr. 

1905 (pp. 36-38), Endorlein selected divinatonua Mfill., with faltdtcu^ 
Burm. a synonym, as type of Troctea Burm. Enderlein considered that 
Burmeister applied the name faitdtcua L. to specimens of ditnnaioriua 
Moll. He accepted Burmeister's ^entifioation of pulaatonua L. as correct. 
1911a (pp, 353-354), Enderlein said (apparently incorrectly) that Kolbe, 
18^, designate dzvinatoriua as t 3 rpe of Troctea. 

Conduaton. —No valid genotyx>o of Troctea Burmeister, 1839, appears to 
have been yet designated, and the present writer hereby selects Termea 
pulaatorium L., 1758, as genot 3 rpe. Troctea then falls as a synonym of Trogium 
Illiger, 1798, because of identical genotypes. 

Diacuaaton. —Some workers may feel that Westwood (1840) fixed the 
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genotype of TtocUb^ by elimination, as pvUaicnua L This interpretation, 
if correct, would effect the same result as above, but the interpretation ap¬ 
pears questionable. Opinion 0 of the International Commission on Zoological 
Nomenclature says, “When a later author divides the genus A, Bixjcies Ab 
and Ac, leaving A, only species Ab, and genua C, monotypic with species 
Cc, the second author is to be construed as having fixed the tyjie of genua 
A." For the present case to be entirely comparable to the hypothetical case 
of Opinion 6, Westwood should have indicated that he knew of the desenjv 
tion of the genus Trociea. Because of this departure from the hypothetical 
case, and the fact that the Commission has three times rejected a proposal 
to raise typo designation by “Elimination” (Article 30k) (sec Stiles, 1020) 
from the status of a recommendaiton to that of a ruZc, the writer does not con¬ 
sider that Westwood fixed a type of TrotUa, 

The designation of dinnatonua Mtill as genotype of Troctea by Enderlein 
(1906) is not acceptable because divtnatonua was not one of the originally 
included species (see Article 30e). Had Enderlein listed/oftdiciw L, 1758, 
instead of fattdtcua Burm , 1839, as a synonym the case might be altered, 
but it 18 evident that Enderlein included in the synonymy only Burmeister’s 
misidentification of fattdtcua L. 

The writer’s selection of pulaatonita L. as genotype may meet with objec¬ 
tion on the ground that Burmeister misidentified the matenal referred to 
pulaatorius, Burmeister states, under ptUaaiortuaf “Man findet individuen 
mit schr dickon Hinterschcnkeln, welchc gut springen, und anderc ohne so 
Starke Schenkcl . . and later, under fattdtcua^ “Bci den von mir unter- 

suchten Individuen mit verdickten Hintcrschenkeln waren die Augen 
schwars, daher die Definition von T. fattdtcua besser auf diese passen 
wurde.” From these statements it appears that Burmeister considered the 
thick-legged individuals with black eyes (which probably were dtvtnatonua) 
to represent /oftdurtM, and the remaining individuals were assigned to 
pulaaioriua Opinion 65 of the International Commission on Zoological 
Nomenclature states, “If an author designates a certain species as genotype, 
it is to be assumed that his determination of the species is correct; if a case 
presents itself in which it appears that an author based his genus upon cer¬ 
tain definite speoimens, rather than upon a species, it would be well to sub¬ 
mit the case, with full details, to the Commission. At the present moment, 
it is difficult to lay down a general rule ” Burmeister’s case is not entirely 
comparable to the one represented by Opinion 65, since he did not designate 
a genotype, but the writer infers that misidentifications cannot be assumed 
unless there is strong evidence of a name having been based upon wrongly 
identified specimens. In the present case, there is no proof that true puZso- 
toriw L. was not included in the series assigned to that name by Burmeister, 
and specimens of divinatonua apparently were referred to fattdtcua. The 
bibliographic reference to “Termea pula. Linn. Fn. suec. 1937” is the first 
citation listed and the writer considers Burmeister to have made puUor 
toriua available for gGnot 3 rpe designation. 
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Genus LschesUla Westwood, 1840 

1758 (p QIO), lAnnacm dencrihed Termea faitdtcum. 

1840 (Syn., p. 47; text, pp. 19-20, fig. 59: 13, 16-18), Westwood proposed 
the genus LachestUa with genotype T, faltdxcum L. by monotypy. 

1866 202), Hagen suggested that Linnaeus’s descriptive expression 
"Simile praeoedenti, ^ dupio majus," when comparing fattaicum to 
pulscUortunif was in error and that faltdtcutn L. really represented 
divtnatortum M tiller, 1776. 

1867 (p. 196), MoLaohlan stated that he believed Westwood’s specimens 
were a form of LachestUa 'pediculariue. 

1880a (pp. 118-120), Kolbe proposed the subgenus Pterodela^ including 
Hemerednus pedicvLarius L. and Caecthtts quercus, n. sp. 

1883 (p. 315), Hagen referred/oftdtciim L. to the genus Hyperetea. 

1884 (pp. 84^7), Kolbe doubted that fatidteum L. belonged to Hypereies 
and emphasised the fact that he h^ immature specimens of Pterodela 
(equivalent of LachestUa)^ which fitted the original description of 
fatidicum and which were found between dried plants, the source of 
Linnaeus’s material 

1933 (p. 81), Pearman stated that he preferred to use the generic name 
Pterodela Kolbe, "since Westwood’s generic diagnosis is erroneous and 
misleading, and his type specimens are in part defective and in part 
aberrant.’’ 

1935 (p. 106) Badonnel discussed the biology of LachestUa pedtetdaria (L.), 
and mentioned the variety faUdtea L. of which the female is totally 
apterous, 

Condustm —LachestUa is a valid genus, with Termes faltdteum Linnaeus 
its type. 

Discussion,- That Linnaeus’s expression, "Simile praecedenti, sed dupio 
majus’’ was not an error is indicated by its repetition (Linnaeus, 1761, p. 
475) and by reference to the figures of Frisch (1734, Tom. J1, Tab. 10) cited 
by Linnaeus. The latter figures are not characteristic of divinaionus. Though 
Frisch’s work is pre-Lmnaean, it is of value in giving an understanding of 
Linnaeufl’s concept of the species The fact remains that Westwood named 
hifl genotyi)0 which has been associated with the original Lannaean species; 
for this reason LachestUa is vahd. Pterodela Kolbe (genotype, Hemerohxus 
pedictdarius L ) Ls a synonym of LachestUa (genotype, Termes fatidicum L.) 
because the genotypes are conspecific. 

Genus Clothilla Westwood, 1841 

1798 (p. 500), llbger proposed the genus Trogtum with one included species, 
Hemerobtus wlsatonus F. 

1841 (p. 480), Westwood described a new genus and siiecies, CloihiUa 
studiosaf without literature iutations or references to other species. 

1865 (p, 122, 124), Hagen examined the type of shidtosa and indicated its 
identity with "the true Termes pxusalorxum of Linnaeus, and T. 
lignorum of DeGcer,’’ 

Conclusion,—CloihiUa is a synonym of Trogtum, through synonymy of 
the genotypes. 
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Genus Llposcelis Motschulsky, 1853 

1770 (p. 184), MUller descnbed Termea dtvtnaiorium, 

1863 (pp. 19-20), Motschulsky described Ltpoacelia brunneus in such a way 
that it is clearly congeneric with dtvtncUonum MOller. Motschulsky 
also propased the name Ltpoacehs mvseorum for a species to which he 
referred only as follows: “N'ayant pu irouver le nom et la description 
du soit-disant Psoque dcs boites 4 inscctes, je crois fKiuvoir le signaler 
sous oelui de Ltpoaceha museoTum, vO que ce n’est pas dutout un 
Psoque.'* 

1905 (p. 38), Enderlein listed both brunneus and muaeorum as synonyms of 
Troctea divtnaionus (MUll.) 

1911a (p. 353), Enderlein listed museorum as a synonym of dtvinaionus and 
indicated museorum os type of LtpoacehSf with the result that dtvtna- 
iortua was considered the type by him. The species brunneus was con¬ 
sidered valid, with stlvarurn Kolbc, 1888, a synonym. 

1927 (p, 12), Enderlein treated atlmrum as a valid species, without mention 
of brunneus, 

Conclitaton, —The species museorum was not sufficiently characterized by 
Motschulsky to constitute description, and brunnetis is genotype of Ltpo- 
scelts. The identity of brunneus is uncertain, but it is congeneric with 
dimnaiorius, so that dtmnaiortua may be properly included in the genus 
Ltpoaceha, 

NOMENCLATURE OF UlUHEH CATEGORIES 

For some time the family name Atropidae has been in rather general 
use. Since Atropos is invalid, the name must be changed. Trogiidae 
is available, and, following Enderlein (1919, p. 30), it ls now being 
adopted. 

During recent years many workers have used Psoeoptera or 
Copeognatha as the ordinal name of the psocids, rather than Cor¬ 
rodentia. Corrodentia w'as used by Burmeister (1838, 1839) as a 
tribal name including termites, embiids, coniopterygids, and psocids. 
Brauer (1885), in proposing the classificatioD that is generally ac¬ 
cepted as the forerunner of all modern systems, used Corrodentia as 
an order for termites, psocids, and biting lice. In 1895 Comstock and 
Comstock restricted the order Corrodentia to psocids alone. Ender- 
lein (1903b) proposed the name Copeognatha, and Shipley (1904) 
proposed Psoeoptera for the psocids. The latter suggested that the 
sufl^ ''ptera" be added to each ordinal name not already bearing it 
for the sake of uniformity. The ordinal names which he proposed 
for apterygotan orders and wingless pterygotan orders have not been 
generally accepted, but Psoeoptera, Embioptera, and Ephemeroptera 
have met with considerable acceptance. Paraneuroptera, for Odonata, 
has not appeared in general use. 

Imms (1924) and Wilson and Doner (1937) have reviewed the 
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different ordinal classifications used by various writers. Chapnmn 
(1930), Comstock (1930), Handlirsch (1930), and Brues and Melander 
(1932) are among those using Corrodentia in the ordinal sense. On 
the basis of priority this is preferred to either Copeognatha or 
Psocoptera. Inasmuch as Shipley's system has not been followed in 
entirety, it does not seem important to use Psocoptera for the sake of 
uniformity. It may be argued that the names rejected, except for 
Odonata, are those of wingless orders, so that "ptera” does not 
properly apply to them. Ilow'ever, Odonata is still in general use, and, 
as Mickel (1934) has shown, the name is based upon the toothed 
maxillae of dragonflies. The name Corrodentia is derived from a 
Latin name meaning “gnawing,” which is characteristic of the often 
injurious feeding habits of psocids. Because of priority, general usage, 
and fitting derivation it seems best to retain Corrodentia in preference 
to other names. 
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SCIENTIFIC NOTES AND NEWS 
Thihtt-fibst Edition of thb Directory of the Acaoeut 

In accordance with a custom only oocaaionally broken, the Aeademy 
issued in ^ptembcr its biennial directory of affiliate societies and members, 
familiarly known as the Red Book. The editorial work and responsibility for 
this directory were borne by H. G Avers and Nathan R. Smith, who con¬ 
stituted the committee appointed for the purpose. 

In addition to the subject matter that has come to be associated with this 
work, such as the calendar of meeting dates of the affiliated societies and the 
thumbnail sketches of their history, this directory contains three new fea¬ 
tures. Iwcst these departures from past practice escape attention they are 
noted here, 

For the first time, or at least fur the first time within recent years, the 
directory contains a table of contents. This table lists the affiliated societies 
in the order in which they entered the Academy. There are 19 of these socie¬ 
ties, 8 of which have been affiliated with the Academy since its organisation 
in 1898. 

On page 17 the directory lists the honorary members and patrons. These 
are arranged alphabetically and not in the order of their election. These 
names appear also in their proper place in the text. 

Following the regular directory of Academy membt^rs, and members of the 
affiliated societies, the editors have compiled and listed alphabetically those 
of our members who have died. This latter listing is limited to those who 
were members in good standing at the time of their death. 

In compiling a work of this nature it would be miraculous if no errors 
crept in. Only one ha.s thus far come to attention, which, for purposes of the 
record, should bo corrected. Under the general heading of Standing Commit¬ 
tees, there are listed erroneously as members of the Meetings ^mmittee 
the following; J. E. McMurtkey, Jr., Curtis P. Clausen, W. D. Lambert, 
and Francis M. Defandouf. These gentlemen arc the members of a special 
committee of which W. T. Schalleb is the chairman The Mec'tings Com¬ 
mittee 13 composed of Frank M. Sbtzler, chairman, and James F. Couch, 
John E. Graf, Clement L Garner, and Fred L. Moiiler. 

The members are asked to scan their copies and notify the corresponding 
secretary of corrections. 
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BOTANY.— Four southwestern subspecies of Phlox.* Edgar T. 
Wherry, University of Pennsylvania. 

Study of the Phloxes of Arizona in the preparation of a treatment 
of the genus in Dr. T. H. Kearney's forthcoming flora of that State 
has indicated the occurrence there of four plants that seem best re¬ 
garded as subspecies but have never been assigned to that status. 
In the present note these are formally described and named. 

Phlox diffusa Bentham* 

This species has already been divided into two subspecies, hnguiylu 
Wherry* of British Columbia to northern Oregon, and typiea Wherry* of 
southern Oregon to south-central Califomia. A third subspecies has now 
been found to occur on mountains and plateaus of the Great Basin repon 
and may be known as; 

Phlox diffusa subcarlnata Wherry, subsp. nov. Fig. 1 

Clumps averaging 7 cm high, with the densely leafy shoots 4 cm long. 
Deep^green linear-subulate leaves averaging 10 nun long and 1.26 mm wide, 
surflcially glabrous or sparse pubescent, basally ciliate. Qrme of 1 to 3 
flowers on pedicels 1 (rarely 2 or 3) mm long. Sepals averapng 9 mm long, 
united for one-half to two-thirds iJieir lengw into a tube, with somewhat 
carinate intercostal membranes, sometimes gLabrous but usually basally 
pubescent, often more densely so than in the other two subspecies. Corollas 
white to lavender, the tube avei^ng 11 and lobes 7 mm long. Styles 3 to 6 
or rarely 7 mm long, imited to wi^n 1 mm of the tips. 

P, dtffusa typiea similis sed compactior; calycis membranis intercostalis 
Bubcarinatis. 

• Type. —In herbarium of Academy of Natural Sciences of Philadelphia, 
from Mount Rose, Washoe County, Nev., Heller 9910a, July 29, 1909. A 
sketch of one of the plants on the type sheet is reproduce herewith. 

Range. —Washington and Idaho to Califomia and Arisona, chiefly at alti¬ 
tudes of 6,000 to 10,000 feet in the Great Bann, and rarely in the Sierras. 
Localitiee represented in the larmr eastern herbaria: 

Washinton: Mount Spokane (n. limit, lat. 47” 630, Tumwater Moimtain, 
Klickitat HiUs, 

* BeeaiTed Angust 1080. 

* PI. Hartw.: 898. 1840. 

* Proo. Aead. Nat. Sd. Philadelphia 90:180. 1088. 
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Oregon: Maupin, Strawberry Lake, Crane Mountain. 

Idaho: Brundage Mountain. 

California: Bray, Mount Shasta, Tnickee, Fine City, Mount Kaiser, 
Mineral King, Mount Pinos (s. limit, lat. 34" 48'). 

Nevada: Mount Rose, Franktown, Carson Qty, Kings Canyon. 

Utah : Virgin River Valley. 

Arizona: Jacobs Lake and points southward, north rim of Grand Canyon. 



Fig. 1 —Phlox diffuta tvbeanncUa Wherry, eubsp. nov. Drawn by 
MIm Inei Rennlnger. 

Phlox aostromontana Coville* 

The acerose-leaved plant with markedly carinate calyx-membranes to 
which this name was originally applied has short-decumbent or erect stems 
forming a compact clump, its longest leaves 12 to 20 mm, its corolla-tube 8 
to 14 mm, and its styles 2.6 to 6 mm in length. The subspecies represented 
may be known as P. auatromoniana vera Wherry, nomen novum. 

A variant of the species with long-decumbent stems forming an open 
clump, longest leaves 16 to 30, corolla-tube 12 to 18 mm, and styles 4.6 to 6 
mm in length has been named by E. Nelson* var. prodrata. Its differences 
from the original subspecies are so marked, however, that it is here raised to 
subspecies rank: P. aiutromontana prostrata (E. Nebon) Wheny, status 
novus. 

In his monograph of the genus. Brand* segregated from P. mutromontana 
a supposedly distinct species, which be named P. denta. He noted that this 
had the aspect of an alpine form of the earlier species but considered its long¬ 
er style to be distinctive. Study of a series of specimens of both indicates 

• Contr. U. 8. Nat. Herb 4:151. 1803. 

• Rev. W. N. Amer. Phlox: 10. 1800. Also named Phlox aotrba by A. Nalaon, 
Am«. Jonm. Bot. 25:114. 1038. 

• PflanMnr. IV. 250 : 88. 1007. 
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that no correlation exists between style-length and any other character, and 
as extensive intergradation is shown the two can scarcely be maintained as 
independent. The plant with especially compact habit, longest leaves 8 to 
12 mm, corolla-tube 8 to 14 mm, and styles 3 to 6 mm in length is therefore 
here made a subspecies: P. austromontana densa (Brand) Wherry, status 
novuB. 

All three of these subspecies were first described from southwestern Utah; 
subsp. vera is now known to occur in all the Western States south of lat. 
45°. Subsp prostraia extends to southern California, where it is especially 
frequent, and to southeastern Arizona. Subsp. densa apparently occurs only 
from west-central Utah to middle Arizona. 

ZOOLOGY .—Observations on the distribution and ecology of the oribatid 
mites} Wendell H. Krtjll, U. S. Bureau of Animal Industry. 

The oribatid mites have been incriminated only recently as inter¬ 
mediate hosts of economically important tapeworms of livestock. 
Stunkard (1937) reported recovering from experimentally infected 
mites, Galumna sp., cysticercoids of the common sheep tapeworm, 
Moniezia expansa. Later Stunkard (1939) reported in detail the ex¬ 
periments leading to this discovery and noted that "all the mites used 
fall within the generic concept of Galumna.” He did not, however, 
identify definitely the infected mites as to species. Stunkard’s work 
has subsequently been confirmed by Stoll (1938) and by the writer 
(Krull, 1939). Stoll reported infecting tw'o kinds of mites, Galumna 
sp. and Galumna nigra (Ewing), by feeding to these arthropods eggs 
of Moniezia expansa, while the writer recovered infective cysticer- 
coids of this tapeworm from mites, 0. emargtnata (Banks), which 
had been collected on pastures. The cysticercoids collected by the 
writer were administered to a tapeworm-free lamb, and specimens of 
M. expansa were recovered from this host animal at necropsy. 

Although extensive studies on the oribatid naites have been pub¬ 
lished by Michael. (1884, 1898), Banks (1915), Ewing (1917), and 
Jacot (1937), very little is known of their distribution and ecology. 
In prder to obtain information on these points, which is needed before 
control measures for the anoplocephaline tapeworms of livestock can 
be formulated, a preliminary investigation was undertaken to deter¬ 
mine under what conditions these mites occur, and the influence of 
climatic and other factors on their distribution and abundance. The 
results of this investigation are given herein. Some preliminary ob¬ 
servations on the food habits of these mites and attempts to culture 
them are also included. 

* Reoeivad June 27,1030. 
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MBTHOD or COLLBCTING OBIBATID M1TE8 

Conventional methods of collecting free-living mites were of limited 
value because in this study mites were required in large numbers, 
and from grass collected under all weather conditions, therefore, the 
following method was devised: Grass from which oribatid mites were 
to be collected was cut with ordinary grass shears and transferred in 
buckets to the laboratory. The grass was then washed immediately 
by transferring it, not over one pound at a time, to a parallel-sided 
glass jar, having a capacity of about 14 liters. The jar was filled to 
within several inches of the top with tap water having a temperature 
of not more than 60° F. The grass was plunged up and down several 
times in the water, then removed, a small amount at a time, after it 
had been agitated again in the water to remove any mites that might 
have remained attached. When all the grass had been removed, the 
washings were poured into a similar container through a screen having 
34 meshes to the linear inch. The jar in which the grass had been 
washed was rinsed with water of the same temperature at least once 
and the washings poured through the screen, care being taken to 
cover most of the screen surface in order to remove any remaining 
mites. While the contents of the jar settled, the surface was examined 
for imtes and any that appeared there were removed. After 2 or 3 
minutes the water, except for 1 to 2 liters, was very carefully and 
quickly decanted. The remaining portion with the sediment was 
agitated and transferred to a 4-liter battery jar. The larger jar was 
rinsed with enough cold water to fill completely the smaller jar to 
within about an inch of the top. During sedimentation the surface 
of the water was examined again for mites, and any that were present 
were removed. As soon as the solid contents had settled the water 
was carefully and quickly decanted, leaving in the jar about 160 cc, 
which, after being agitated, was transferred to a 250-cc cone-shaped 
graduate, filling it to near the top. After the contents had settled 
and any mites coming to the surface had been removed, about 200 cc 
of the water was very carefully decanted and replaced by water 
having a temperature of 113° F. The addition of warm water changed 
the density of the medium and forced the mites to the surface and 
through the film formed by the surface tension so that they could be 
removed. For this procedure two teasing needles were held crossed 
and close together near the mites. When the needles were raised 
slowly the mite or mites adhered to one of the two needles. By 
touching the needle with the mite to a drop of water in the center of 
a watchglass the mite was released and would slide down the film 
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formed by the surface tension to the edge of the drop, where it be¬ 
came imprisoned. When all the mites had been transferred to the 
drop and while under observation through a binocular microscope 
they were drawn to one side and out of the drop with a teasing needle. 
The drop of water was then removed with a pipette. As soon as the 
water around the mites dried, one peort of a gelatin capsule was slipped 
over them and while this was held in place the dish was inverted to 
transfer the mites; the remaining part of the capsule was then re¬ 
placed. The mites were retained in the closed capsule until needed. 

Though this method may appear somewhat unwieldy and un¬ 
practical, it will be found after a little practice to be quite efficient. 
However, certain details must be observed in order to obtain satis¬ 
factory results. In collecting the grass care must be taken to prevent 
loss of mites through undue disturbance, especially when the grass 
is dry. It is best to carry the washing process to its completion in the 
least possible time to prevent loss of mites. When the washings are 
sedimenting in the larger jar immediately after being screened, it is 
only rarely that a mite will be found on the surface. However, while 
the material is in the smaller jar a few of the mites may come to the 
surface, and these should be removed immediately. The number of 
mites coming to the surface in the smaller jar is usually an index to 
the final count, since 3 to 5 percent of the mites for each pound of 
grass seem to appear on the surface at this time. A few mites may be 
found on the surface of the cold water in the small graduate, hut the 
limited surface makes it easy to remove them quickly. When the 
water at higher temperature is added, the majority of mites come to 
the surface; this has been verified by examination of the debris. To 
make sure that the mites were not imprisoned in the debris, the con¬ 
tents of tile cone were agitated several times with a steel knitting 
needle. 

Oribatid mites on the surface of the water are very distinctive in 
appearance and resemble tiny black or brown glistening pearls. It 
is^nly rarely that enough debris, including various organisms, comes 
to the surface to interfere seriously with the removal of the mites; 
should this happen, jarring the container or agitating the surface 
slightly with a needle will cause the debris to sink. 

The heat of the water does not destroy the mites, although some¬ 
times it seems to reduce their vitality. If it is desired to keep the mites 
alive for some time, the hot water should be omitted, leaving the 
cold water in the graduate. As the water temperature increases, the 
mites rise slowly and continue to rise for periods up to 3 hours. 
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Any attempt to shorten the process by onoitting the second or bat¬ 
tery-jar stage of washing, which involves decanting enough water 
from the large container to transfer the remaining contents directly 
to the small graduate, will lead to unsatisfactory results. 

In order to obtain the maximum number of mites from grass from 
a given area, the samples should be collected in the morning following 
a rain sufficient to saturate the groimd. The grass at the time col¬ 
lected should be only slightly moist, the day cloudy, and the collection 
made as soon after daylight as possible. When the number of mites 
per pound of grass is large, it is well to wash the grass a second time 
in order to obtain the maximum number present. 

OBSERVATIONS ON THE ECOLOGY OF ORIBATIU MITES 

The data so far obtained are based on the study of mites from 
October 18, 1937, to May 27, 1938. The conclusions relative to 
abundance, distribution, and conditions affecting the mites were 
reached from a study of the mites collected from359 samples represent¬ 
ing a total of 618 pounds of grass. The samples varied in weight from 
1 ounce to 3 pounds, with an occasional larger sample; these samples 
were collected from 12 stations at the Agricultural Research Center, 
Beltsville, Md. A total of 18,238 oribatid mites were recovered from 
the grass collected and examined; this represented an average of 
about 30 mites per pound of grass. 

The following species of mites* were collected: Dameostma minuta 
Ewing, Galumna cuna (Ewing), G. emarginata (Banks), G. minuta 
(Ewing), G. rugosala (Ewing), Notaspts sptnipes (Banks), Oribatula 
minuta (Ewing), Onpoda eUmgaia Banks and Perg., Phihiraearw 
amencanus Ewing, Zygarihatula davata (Ewing), unidentified species 
of Ceratozetes, Fuacozetea, Galumna, Liebatadia, Neoribatea, OnbateUa, 
Pelopa, ScheUmbatea, Sphaerobatea, and Zygaribatula, and new species 
in at least two new genera. The species collected from an old, perma¬ 
nent, open sheep pasture were Galumna emarginala (Banks), G. 
minuta Ewing, Galumna sp., Oribatula minuta (Ewing), Oribatula sp., 
Pelopa sp., Scheloribatea sp., and Sphaerobatea sp. 

Fadora affeding distribution of oribatid mitea. —^The mites in the 
area studied were rather general in distribution, and an occasional 
one could be found almost anywhere, even in areas that were quite 
barren. In certain grassy areas, however, which, judged from all 
known data concerning their habitat, should have had mites in 

* The identifioationB were made by Dr. H. £. EWing, of the U. 8. Bureau of Ento¬ 
mology and Plant Quarantine. 
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abundance, these arthropods were found only with difficulty. The 
mites were more apt to be found in abundance and retained the great¬ 
est constancy in areas where moisture was plentiful enough to prevent 
limitation of the growth of grass. 

The mites were found in considerable numbers under almost any 
pasture condition. In open pastures having only occasional deciduous 
trees, the shaded areas did not influence to any extent the distribution 
of the mites, except that during the winter months a few more mites 
were always collected from around the isolated trees. The mites were 
much more apt to be abundant in pastures shaded by coniferous 
trees, where the organisms were protected throughout the year from 
the effects of sudden and excessive changes of environmental condi¬ 
tions. In the area studied the mites vrere most abundant in a heavily 
shaded flat pasture surrounded by coniferous and deciduous trees 
and containing grass of a soft texture and about 6 inches high. The 
mites were not reduced excessively by prolonged cold wet weather 
of a week’s duration or by a prolonged dry spell of a month, if these 
changes occurred during spring and early summer. 

The relative number of mites found on the grass in a given location 
varied tremendously with conditions of environment, the influence 
of some factors having been ascertained. Those factors that have been 
more or less definitely established as influencing the vertical distribu¬ 
tion of the mites are water, light, wind, and food. 

The mites seem to have a very delicate adjustment to water, and 
succumb readily at room temperature if they are not protected from 
evaporation; they may be floated on water, without taking food, for at 
least 18 hours. In their native habitat the mites apparently maintain 
their relationship to proper moisture conditions by their movements 
in and on the ground and on the grass, and in this respect they have 
considerable latitude with regard to moisture, as well as to other 
conditions. The proportion of mites on the grass in a given area ap¬ 
parently depends to a large extent on moisture conditions. They were 
the most abimdant the day after a heavy rain sufficient to saturate 
the ground thoroughly, and this was found to be the only time that an 
estimate could be obtained from grass samples of the number of mites 
in any location. Since the mites respond negatively to excessive 
moisture, it may be assumed that their presence in large numbers in 
the grass after heavy rains is an attempt on the part of the mite to 
escape this moisture. In accordance with this response it has been 
found that light rains, heavy fogs, and dew do not change materially 
the distribution of the mites, and of these conditions the light rains 
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affect them most. Their response to snow was not studied, but it was 
possible always to collect them from grass covered with snow. 

The mites avoid excessive light, and on clear days very few if any 
could be collected from grass; they were most abundant immediately 
after daybreak. On cloudy days they remained somewhat more 
numerous and constant throughout the day. They appear to leave 
the grass when there is a high wind. The number of mites on the 
grass increased immediately when a cloudy day with light rains 
succeeded a period of 2 or 3 days without rain. 

Just what effect temperature has on the mites has not been defi¬ 
nitely determined, but from the observations made it seems to have 
little or no effect. As previously mentioned, mites were ooUected 
from grass cut in snow; moreover, they were as abundant on grass at 
a temperature of 20° F., the lowest encountered during the period 
covered, as they were at higher temperatures. 

Seasonal distribution .—The mites were found to be much more 
abundant in spring than in winter, and there is a very sudden and 
striking increase in numbers when the new spring growth of grass 
is about 3 inches tall. It is possible that a part of this increase in mites 
is the result of the accumulation of eggs and young during the winter 
months, when periods of warm weather are not of sufficient dmation 
to allow the mites to mature but are long enough for the adults to 
feed and lay eggs. The relative number of mites present during 
fall and winter as compared with the number present in spring after 
the new growth of grass appears may be deduced roughly from the 
following data; From 406 pounds of grass collected from October 18 
to March 17, a total of 4,898 mites were obtained, whereas 13,340 
mites were recovered from 212 pounds collected from March 18. to 
May 27. From 226 pounds of grass collected in a sheep pasture from 
October 18 to March 17, 1,821 mites were recovered as compared 
with 59 pounds of grass collected in the same pasture from March 18 
to May 27, which yielded 4,527 mites. 

Prevalence of mites on grass .—On the basis of the data so far obi 
tained, it appears that the actual number of mites on grass varies 
considerably, and that there are times, even in spring, when no mites 
can be recovered. The largest number of mites per pound of grass 
recovered from an open sheep pasture was 619; these were obtained 
from 15 ounces of grass taken on May 20. The largest number prior 
to the time of the spring growth of grass was 100 per pound, which 
were obtained from a 2i-pound sample collected on February 18. 

Hie largest number per pound of grass was from samples taken 
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from a shaded pasture, where 2,547 mites were obtained from 2 pounds 
of grass collected at 9 a. m. on May 19. From this same pasture 
1,158 were taken from 1 pound 10 ounces of grass at 11 a. m. on March 
31. Because of excessive grazing, not enough collections were made 
prior to the time that the spring growth appeared to give a com¬ 
parison. In an area frequented by wild rabbits, on the edge of a 
pond, the largest number of mites per pound of grass was 325 from a 
1 pound 4 ounce sample collected at 9 a. m. on March 18; the largest 
number prior to the spring growth of grass was 187 from 1 pound 
4 ounces of grass taken on October 29. 

Under ordinary dry conditions, beginning on the fourth day after 
a rain, it was imusual to find the mites in greater abundance than 5 
per pound of grass after 9 a. m. The variation in the numbers of mites 
present in a given area on different, yet not widely separated, days 
is shown by the following data: From a collection of 1 pound 13 
ounces of grass taken at 8 a. m. on May 16, 168 mites were obtained. 
In the same area a collection of 1 pound 4 ounces of grass taken at 
9 a. m. on March 28 yielded 12 mites, whereas 1 pound 10 ounces of 
grass collected at 11 a. m. on March 31 yielded 1,158 mites. 

Response to artificial change of conditions .—After the abundance 
and distribution of the mites in a pasture had been ascertained, 
certun selected portions were fenced. These areas were used for the 
purpose of encouraging the multiplication and growth of the mites. 
Pellets from two sheep contaminated with eggs of Moniezia expansa 
were spread on the areas during fall and winter months. This ground 
was never without water for more than 3 days; in the event that rain 
did not fall in the allotted time the groimd was sprinkled. In the 
spring the excess debris was raked off and the areas were kept free 
from weeds. Grass samples from which the mites were collected were 
taken throughout the period of investigation, and during that time a 
few mites, rarely in excess of the general average, could always be 
collected. The record number per pound of grass, 116 mites, was taken 
Trom a 1 pound 10 ounce sample collected on April 15. The interesting 
fact about these areas was that the mites did not respond to this kind 
of treatment, as indicated by the small number collected from the 
grass samples. The reason for this indifferent response is not apparent. 

After it had been determined that the maximum number of mites 
on grass could be collected after rains extensive enough to saturate 
the ground, it was assumed that the same results could be obtained by 
sprinkling areas and cutting the grass the following day. However, 
the results were not as anticipated. Usually the sprinkling increased 
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slightly the number of mites on the grass, the maximum results 
achieved comparing favorably with those following light rains. 

Relative abundance of epecies. —Beginning in March mites were 
separated into several distinguishable types, some of which repre¬ 
sented distinct species; consequently, comparisons as to abundance 
and distribution can be given. The total number of mites collected 
and separated from all localities studied was 11,310, and of these 
568 were Galumna emarginata, which had been determined by the 
writer (KruU, 1039) to be an intermediate host of the sheep tapeworm, 
Moniezia expanea.* The mite w^as found to be generally distributed, 
having been collected at all seasons studied; however, it was more 
variable as to relative numbers when compared to the rest of the 
mites. These mites were most abundant during April and May, and 
at this time more abundant in an open pasture than in one that was 
heavily shaded. In an open pasture in which there was a single 
deciduous tree, the mites were most numerous during fall and winter 
in the grass around the tree than in the rest of the pasture; in spring 
the conditions were reversed. During the winter months this mite 
was found to be commonest on an area near a pond where moisture 
conditions were the most constant of any area studied. In spring the 
mites were the most numerous in an open, low-lying, flat, under- 
grazed pasture in which the grass was rather high. Galumna emargi¬ 
nata was rarely more abundant than 5 per pound of grass at any time 
or in any plot, although in one exceptional case 89 were taken from 15 
ounces of grass collected on May 20 from the low-lying pasture. 

Galumna mtnuta was the commonest mite found, and of the 11,310 
mites already mentioned 7,270 were of this species. This species was 
generally distributed and was collected from all stations in aU 
seasons studied. 

Nymphs of oribatid mites could be found at all seasons but were 
commonest during the last week in March and during the last week 
in May. 


* Dunng April and May, 286 Bpeoimens of Oalumna emargtnala collected from 
pastures contaminated with eggs of Af expama wore dlasected and examined for larval 
tapeworms. Five were found to be infested, each containing one fully developed 
oysticerooid; one of the mites had, in addition, two undevelopedoysticerooids that bad 
attained nearly maximum sise. One other mite collected m November contained a fully 
developed larva. Four of the 5 oysticerooids were measured without pressure in water 
and averaged 178m long by 147m wide, the larmt being 200a by 160m and the smallest 
160m by 146m During the same months 2,606 speoimens of 0. mnuia were examined 
for oysticerooids and all were negative. Of the other species of onbatld mitee, 623 were 
examined and all were negative. 
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OB8BRYATION8 ON THE FOOD HABIT8 OF OBIBATID IIITEB 

The oribatid mites in general eat hyphae and spores of fungi, 
debris, anoplocepholine tapeworm eggs, and cellular material of 
blades of dead grass in certain stages of decomposition. They exhibit 
considerable choice as to the fungi they eat, devouring only certain 
of the white fungi and their black spores, ignoring completely any in 
which the hyphae are colored. The fungi are eaten in a moist or dry 
state. The mites have gluttonous appetites and devour an enormous 
amount of material. In feeding them eggs of the tapeworm M. 
expansa, it was found the debris surrounding the eggs as well as the 
eggs was desired as food. Eggs that were moist were not accessible 
to the mites and were merely pushed around by them. Eggs that were 
accessible had to be well anchored and apparently dry. Since the 
mouth parts of the mites are such as to prevent the ingestion of the 
egg in its entirety, the mites gain entrance to the eggs by making a 
hole in the outer dry membranes and ingest the contents which are 
freed in this manner, The remaining parts of the membranes are 
usually ignored. Mites have been observed to work for considerable 
periods of time before succeeding in making an opening in an egg. 
The observations concerning the reactions of the mites to tapeworm 
eggs may bo easily demonstrated by applying eggs to pieces of agar 
dispersions which are dried and placed in a container where the mites 
have access to them. 


CULTXmiNO OBIBATID MITES 

Attempts were made to culture the various oribatid mites in 
covered stender dishes of several sizes and in various larger containers. 
For substratum substances soil, sand, paper, filter paper, and agar 
dispersions have been used, and pebbles, grass leaves, decaying plant 
material, and pieces of agar and paper have been employed to give 
them retreats and cover. Fungi in addition to those transferred 
accidentally to the habitat were supplied on pieces of grass leaves 
and pieces of agar. Numerous mites have been raised in this way, but 
no method has been found that could be depended on to give con¬ 
sistent results. The number of nymphs sometimes appearing in an 
experimental habitat was exceedingly large in view of ^e number of 
adults supplied for stock and the small number of eggs carried by 
the mites at one time. 

The individual species varied considerably in their response to 
artificial culture. Species of the genus Oalumna were the most difficult 
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to handle. G, minuta was raised to maturity in several cultures. O. 
emarffinata although the largest and most robust mite encountered 
was the most difficult to handle and could be kept at most only a 
couple of weeks. Nymphs of 0. emarginata hatched under artificial 
conditions lived only a few days. 

SUMMARY 

A method for collecting oribatid mites under all weather conditions 
has been described. 

Oribatid mites in the region studied were most abundant on grass 
after rains sufficient to saturate the ground, and they retained their 
greatest constancy in areas where moisture was plentiful enough to 
prevent limitation of the growth of grass. Numerous mites of the 
various species recorded could be collected from sheep pastures. 
Water, light, wind, and food are factors that were found to be im¬ 
portant in influencing the vertical distribution of the mites on grass. 
A striking increase in the number of mites on grass was observed at 
the time the spring growth of grass was 3 inches tall. Mites kept 
under controlled conditions ate hyphae and spores of fungi, debris, 
cellular material of blades of dead grass, and anoplocephaline tape¬ 
worm eggs. 

Numerous mites of the various species recorded were dissected and 
examined for cysticercoids of Moniezta expansa, which were found 
only in Galumna emargtnata. This mite was generally distributed, 
could be collected at all seasons during which the investigation 
was in progress, and was taken only rarely in greater numbers than 
5 per pound of grass. 
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ENTOMOLOGY.— Revision of the genus Ceratagallia Ktrkaldy 
{Homoptera: CicadeUidae).^ P. W. Oman, U. S. Bureau of En¬ 
tomology and Plant Quarantine. 

The monobasic genua Ceratagallia was established by Kirkaldy* 
for Agallia bigeloviae Baker. Because the name was published without 
a formal description, subsequent authors have considered it a nomen 
nudum. However, the inclusion of the previously described species, 
bigeloviae Baker, satisfies the requirements of the International Rules 
of Zoological Nomenclature, and Ceratagallia is available for the spe¬ 
cies treated in this paper. Attention is called to the fact thatCeratagal- 
lia Kirkaldy is an older name than Aceratagallta Kirkaldy,* although 
the latter name appeared in Bulletin 3 and the former in Bulletin 4. 

CeratagaUta and Aceratagalha may be distinguished from other 
North American agallian leafhoppers by the character of the pro- 
notum, which is transversely striated, and the styles of the male geni¬ 
talia, which are not forked. In addition, the nymphs are without 
cephalic processes. Ceratagallia is diflerentiatcd from Aceratagalha by 
the 4-lobed posterior margin of the seventh sternite of the female and 
the V-shaped aedeagus of the male. The males may usually be recog¬ 
nized also by the shape of the plates, which are usually about 2 to 2} 
times as long as their combined basal width and have the lateral and 
distal margins turned strongly upward, thus forming a trough-shaped 
cavity in which lie the distal extremities of the styles. Representa¬ 
tives of typical Aceratagalha arc widely distributed in the Nearctic 
region, whereas the species of CeratagaUta are confined to the semi- 
arid portions of the United States and adjacent Mexico. Representa¬ 
tives of the latter genus arc at hand from Lower California, California, 
Arizona, Nevada, Utah, Idaho, Colorado, New Mexico, Texas, and 
Kansas. 

Ceratagallia includes the species treated by the writer^ in 1933 as 
the bigeloviae group of the genus AceratagaUia. At the time those 
studies were made, relatively little material belonging to this group 
was available. The accumulation of additional material, especially 
from California, has brought to light a number of new species, as well 
as specimens which alter somewhat the specific concepts established 
in the previous work. It seems desirable, therefore, to review the 
group again in order to incorporate the new species into the scheme 

1 Received June 11^ 1939 

■ Hewailan Sugar Aanten' Assoc. Expt Sta, Div. Ent. Bull 4: 61. May 1907. 

* Hawaiian Sugar Planters' Assoc. Expt. Sta, Div. Ent Bull. 3: 11, 30. Sept. 
1907. 

« U. 8 Dept Agr Tech Bull 372: 46. 
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of classification, and to make such changes as are necessary in the 
interpretation of the previously described forms. 

In order to avoid repetition in the specific descriptions that follow, 
a r6sum6 of certain general characters is given at this point. The bases 
for the differentiation of CeratagaUia from other agaUian leafhoppers 
have already been given. Thus defined, the genus constitutes a re¬ 
markably homogeneous group. The species are all rather robust, the 
slenderest being lobata (Oman), which resembles closely Aceratagallia 
gillettei (0. B.) in general appearance. An accurate idea of the gen¬ 

eral habitus of the species may be gained by examination of Figures 
O, H, and I of Plate 2 of the writer’s 1933 paper. Although color mark¬ 
ings may be either present or absent, and vary from fuscous to brown 
within a species, when present they form a pattern that is very uni¬ 
form throughout the genus. In the approximate order of their fre¬ 
quency of appearance in the adults, the color markings are as follows: 
A pair of round or ovate spots on the crown above the ocelli, a pair of 
triangular marks at the base of the scutellum; the veins of the corium, 
with the exception of the base of R+M, which is white, and the base 
of Cui, which is usuallysordid yellowish white, apairof slender stripes 
along the commissural line in the outer cells of the clavus, these usu¬ 
ally fused with fainter markings which occur in the cells of the clavus 
and parallel the claval veins; irregular and frequently interrupted 
stripes along the claval suture, and indefinite elongate marks in the 
cells of the clavus and corium adjacent to the claval suture basally; a 
pair of narrow stripes along the median line, extending across the 
pronotum and crown, and fusing, on the face, with the stripes along 
the base of the clypeus; an interrupted are on each side of the prono¬ 
tum basally, this frequently connected with the median stripes, and 
usually connected with a broad inner vitta and a narrow outer vitta 
extending from the arc to the posterior margin of the pronotum; an 
irregular mark in each ocellocular area, with an extension toward the 
adjacent ocellus and one along the antennal pit, the facial sutures, an¬ 
tennal pits, and transverse bars on the clypeus laterally; the trans^ 
verse suture of the scutellum, and a pair of small spots just anterior 
to it; various indefinite areas, which tend to be darker on the dorsum 
of the abdomen, the distal portions of the female pygofer and oviposi¬ 
tor sheath, the median line of the male plates, and the lateral portions 
of the stemites. 

The nymphs normally have the spots on the crown reduced to ob¬ 
lique dashes. The paired median dorsal stripes are broader than in the 
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adult and continue to the apex of the abdomen, while the lateral por¬ 
tions of the dorsum are occupied with more or less continuous longi¬ 
tudinal marks which serve to accentuate the unmarked yellowish 
portion of the dorsum laterad of the median stripes. Other mar lrin g s 
on the nymphs are somewhat similar to those of the adults, although 
the nymphs are more frequently entirely without markings. 

Of the various structures of the internal male genitalia, that portion 
of the style caudad of its point of attachment to the genital capsule 
seems to be the only part furnishing characters reliable for specific dif¬ 
ferentiation. This part of the style is frequently boot-shaped in out¬ 
line, and consists of a relatively slender basal portion, the shank, an 
expanded distal portion which is usually foot-shaped and hence con¬ 
veniently termed the “foot” of the style, and usually a ventral pro¬ 
jection called the ventral tooth. Of the parts of the foot of the style, 
the “heel” is formed by the angle adjacent to the serrated margin of 
the shank, and is usually distinctly less produced than the “toe.” Al¬ 
though subject to some variation, the gross outline of the style is 
usually sufficiently characteristic to permit specific identification from 
this structure alone. The number and arrangement of the setae on the 
style and the minute details of the serrations on the inner margin are 
only helpful in a general way, but in the accompanying drawings they 
have been portrayed as accurately as possible for the sake of com¬ 
pleteness. 

The diagnostic characters of the styles of the males are most con¬ 
veniently studied and illustrated if removed from the genital capsule. 
Consequently, in this study, following the customary treatment with 
caustic potash, the styles, connective, and aedeagus have been care¬ 
fully dissected out and mounted in balsam on microscope slides. The 
cover glass should be pressed down sufficiently to orient the broadened 
distal portion of the style in a horizontal plane. These structures are 
best studied with a compound microscope at magnifications of from 
60 to 120 diameters, although less magnification is satisfactory for 
^ost purposes. 

The illustrations accompanying this paper were made on coordi¬ 
nate paper with the aid of a micrometer scale placed in the ocular of a 
compound microscope. All drawinp show the outline of the distal 
portion of the right style in dorsal view, and since they are drawn to 
the same scale they give an accurate idea of the relative size of these 
structures in the various species. 



532 JOXTBNAL OF THE WASHINQTON ACADEMY OF SCIENCES VOIi. 20, NO. 12 

CONCERNING A KEY 

With the exception of the characters presented by the styles of 
the internal male genitalia, the differences between the various species 
of this group are usually such that they do not lend themselves well to 
use in a key. It seems impossible to indicate reasonably positive 
characters for the separation of the species without relying almost 
entirely upon the characters of the styles, and there seems no point 
in presenting a key when equally satisfactory results may be ob¬ 
tained, probably more efficiently, by comparing these structures with 
the accompanying illustrations. In the absence of a key it is perhaps 
well to indicate that the most reliable external characters are the size, 
relative robustness, and presence or absence of markings. Of the in¬ 
ternal characters, the general outline of the foot of the style, the size 
and position of the ventral tooth, and the width and curvature of the 
shank have proven most useful in differentiating closely related spe¬ 
cies. 

Ceratagallia lobata (Oman), n comb f'lg. 1 

AceraiagaUta lobata Oman, U. S Dept Agr Tech Bull 372: 67. 19.33 

A relatively slender, dark-colored species. Heel and toe of style of ap¬ 
proximately equal size; style obliquely subtruncate distally Length 
2.8-3 mm. 

External characters ~ General ground color sordid cinereous; markings of 
brown and fuscous sufficiently oxtonsivo to ^ve the entire insect a fuscous 
appearance Male plates rather short, tapering slightly from base to apex. 

Internal male gentlalia .—Shank of style short and comparatively broad. 
Ventral tooth small and situated at about narrowest part of shank Posterior 
margin of style slightly sinuate; inner margin distally finely serrate Distal 
part of aedeagus flattened dorsoventrally, apex sagittate in outline. 

Localtties. —Type locality, Glendale, Nev. Type, U.8.N.M. no. 44650. 
Other material from the following localities examined. Arizona: Ashfork, 
Oak Creek Canyon, Prescott, Sacaton, Santa Rita Mountains, Yamell 
Heights, and Yavapai County. California: Alpine, Big Bear Lake, Mint 
Canyon, and San Jacinto Mountains. Nevada: Glendale, Las Vegas, and 
Mesquite. Utah; St. George. 

Host —Unknown. 

Ceratagallia nubila, n sp. Fig. ^ 

Resembling dark specimens of dondia in general appearance, but with the 
male plates broader distally and the styles more like those of Mtata, with 
the heel and toe of nearly equal size. Length 3.25-3.5 mm. 

External characters .—General ground color sordid yellowish white; brown 
and fuscous markinn much more clearly delimited than in lobata. Male 
plates long and nearly parallel margined, proportionally wider than those 
of lobata. 

Internal male genttalia —Shank of style slender, rather loM, and distinctly 
sinuate. Ventral tooth very small, and located as in iMUa. Posterior margin 
of style obliquely subtruncate, inner margin distally finely serrate. Aedeagus 
with a blunt tooth on dorsal margin just before apex. 
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Locahtu .—^Type locality, Wiokenburg, Aria. Holotype male, allotype fe¬ 
male, and 2 mue and 1 female paratypes taken August 20,1038, and 2 male 
paratypes taken June 16,1937, all collected by D. J. and J. N. Knull. Holo¬ 
type, allotype, and 2 parat 3 rpes in collection of Ohio State University; 3 
paratypes in U. S. National Museum, no. 53350. 

Host. —Unknown. 

CeratagallU pudlca, n. sp. Fig. 3 

More robust than niibila and without extensive fuscous markings. Stylo 
resembling that of lobata but with a relatively more slender sha^ and a 
less produced heel. Length 2.8-3.2 mm. 

External characters .—General ground color sordid yellowish white; mark¬ 
ings mostly pale yellowish brown or brown. Head tumid, distinctly lon^r 
medially than next the eye. Male plates rather short and broad, tapering 
slightly from base to amx. Median lobes of seventh stemite of female 
much shorter than lateral lobes. 

Internal male genitalia .—Shank of stvlo nearly straight. Ventral tooth 
small and situat^ nearer apex than in lobtda. Heel distinctly shorter than 
toe. Posterior margin of style obhquely subtruncate; inner margin finely 
serrate distally Apex of aedeagus recurved, forming a slight hook. 

Localities —Type locality, Tucson, Aris. Holotype male, allotype female, 
and 1 female paratype collected June 18, 1933, P. W. Oman, U.S.N.M. no. 
53351. Also 2 male paratypes from Hualpai Mountain, Aris., July 4, 1937, 
and August 6, 1038, D. J. and J. N. Knull, in Ohio State University col¬ 
lection. 

Host. —Unknown. 

Ceratagallia loca, n. sp. Fig. 4 

A robust species, resembling pudica in form but with a leas tumid head 
and fewer markings. Apex of style not obliquely subtruncate. Length 
2.8 mm. 

External characters .—General color pale sordid yellow; markings very 
pale or absent except for fuscous veins of corium, ovate fuscous spots on 
crown, and traces of arcs on anterior margin of pronotum. Male plates 
short, tapering slightly from base to apex. Median lobes of seventh stemite 
of female divergent, rather sharply pointed, and with margins brown. 

Internal male genitalia .—Shank of stylo relatively stout and straight. 
Ventral tooth large and pointed, situated just basad of apex of style. Pos¬ 
terior margin of style sligbtljr sinuate and curving cephalad toward attenuate 
toe; heel short and stout; inner margin finely serrate. Apex of aedeagus 
recurved, forming a small hook. 

Locality ,—Typo locality, Lancaster, Calif. Holotype male, allotype 
female, and 1 nymph, June 8, 1935, P. W. Oman, U.S.N.M. no. 53352. * 

Host. —Unknown. 

Ceratagallia artemiaia, n. sp. Fig. 5 

AceratagaUia bigeloviae Oman (in part, not Baker), U. S. Dept. Agr. Tech. 

^1. 372, pi. 2,1. 1933. 

Previously confused with bigeUmae, but with much darker markings and 
with the bed of style more produced. Length 2.5-2.7 mm. 

External characters.—General color pale cinereous; markings of fuscous 
or brown mostlv dlatinct and sharply delimited. Form rerv robust, head 
somewhat tumid. Male plates short and comparatively broad. Median lobes 
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of seventh stemite of female nearly as long as lateral lobes, longer and more 
slender than those of bigelonae. 

Internal male genitalia. —Shank of style slightly sinuated and more slender 
than that of bigelotnae. Ventral tooth small and situated more basad than 
in btgehviae. Posterior margin of style curving loss gradually to apex of toe 
than in bigelonae; heel, although variable in size, usually stronfdy produced; 
inner margin irre^larly serrate distally. Apex of aedeagus distinctly hooked. 

Note. —^This is the species represented by Plate 2, I, of tho writer’s 1933 
paper on tho group. At that time only a few specimens were available, and 
thw were believed to be dark-colored examples of itgdomae. 

Localities. —Type locality. Twin Falls, Idaho. Holotyxie male, allotype 
female, and 2 male and 8 female paratypes, May 6,1937, J. A. Gillctt. Also 
the following parat 3 rpes from Idaho. Hollister: 1 mole and 1 female, August 
27, 1928, D. E. Fox; 2 females. May 19, 1931, D. E Fox; 1 male, July 24, 
1931, D. E. Fox, 1 male, August 23, 1933, D. E. Fox. Wenaoll’ 1 male, May 
19, 1933; 2 femmes, Juno 9, 1933. Hagerman: 1 male, September 13, 1932 
Berger; 1 female. May 20, 1937, J. A. Gillett. Castlcford; 1 female Novem¬ 
ber 14, 1936. There are also at hand 2 males and 1 female from Salt Lake 
City, April 26, 1636, C. F. Smith. Types in U. S. National Museum, no. 
53363, paratypes in collection of Joseph A. Qillett. 

Host. —Presumably Artemieta tridentata, since most of the above speci¬ 
mens are recorded as being from that plant. 

Ceratogallk bigeloviae (Baker) Fig. 6 

Agallta bigelonae Baker, Psyche 7(suppl. 12): 26. 1896. 

CeratagaUia bigelonae (Baker), KirkaJay, Hawaiian Sugar Planters’ Assoc. 

Expt. Sta., Div. Ent. Bull. 4: 61.1907. 

Agallta {Aceratagallia) bigelonae Baker, Van Dusee, Check List Hemiptera, 
p. 64.1916 

Aeeratagallia bigelonae (Baker), Oman, U. S. Dept. Agr. Tech. Bull 372:66. 
1933. 

A small, robust species marked with brown or fuscous. Style without a 
prominent heel and with the ventral tooth located distad of narrowest part 
of shank. Length 2.5-2.76 mm. 

External charadera. —General color sordid yellowish white; markings, 
except the pair of fuscous spots on crown, usually pale brown and indefinite 
but sometimes fuscous. Median portion of face often tinged with pink. Mole 

f ilatos comparatively largo, tapering gradually from base to apex. Median 
obes of seventh stemite of female shorter than lateral lobes and bluntly 
pointed. 

Internal male oenttolta.—Shank of stylo rather stout, inner margin nearly 
* straight. Ventral tooth small and located distad of the constrictra portion 
of shazik. Posterior margin of style evenly curved from heel to toe; heel 
usually forming a right angle; toe slightly attenuated. Apex of aedeagus 
slightly hooked. 

liocalittea. —^Type looalitjr, Albuquerque, N. Mex. Type, U.S.N.M. no. 
44014. Other material examined from the following localities. Texas: Marfa 
and T^lor County. Kansas: Phillips County. Colobado: Fort Collins. 
Utah: Leeds, Provo, Salt Lake City, Santa Clara, and St. George. Arizona: 
Congress Junction, Grand Canyon, Prescott, and Yavapai (bounty. New 
Mexico: Carlsbad, Colfax County, Las Cruces, Organ Mountains, Roswell, 
anc( >^te Sands. 
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Host. —Probably Chrytoihamnus, 

Notes —^There still remains some doubt as to the exact identity of hige- 
lovtae. The type is a female and consequently difficult to identify vi^ cer¬ 
tainty; other specimens from the type locality are needed. Furthermore, the 
material studi^ and here treated as btaeUmae shows some variation around 
a mean which seems best exemplified by specimens from southern New 
Mexico. Specimens at hand from California are uniformly darker colored 
than material from other localities and may constitute a distinct form, but 
at present seem inseparable on the basis of structural characters. 

Ceimtagallia socala, n sp. Fig. 7 

Related to arUmtsta but less robust and with a more tumid head. Ventral 
tooth of style larger than that of artemssta and located on foot. Length 
2.6-2.9 mm. 

External characters. —General color pale cinereous; markings mostly very 
variable, the most constant being those on the pronotum and forewings. 
Spots on crown above ocelli usually distinctly ovate, occasionally absent. 
Hoad tumid, distinctly longer medially than next eye. Male plates pro¬ 
portionally smaller than those of artemisia. Median lobes of seventh stemite 
of female short and blunt. 

Internal nude genttalta —Shank of style rather short and strai^t, tapering 
gradually from base to narrowest part, then abruptly expanded into the 
footliko distal part. Ventral tooth rather large and pointed, located on the 
foot of the style. Inner margin of shank rather coarsely serrate distally; heel 
scarcely produced; toe broad basally, apex slightly attenuate. Apex of 
aedeagus iwinted. 

Locdittes —T 3 rpc locality, Santa Maria, Calif. Holotype male, allotype 
female, and 16 male and 17 female paratypes collected July 19,1933, R. H. 
Reamer. Also 13 male and 8 female parat^ies from San Jacinto Mountains, 
Calif, June 30, 1033, R H. Reamer. Types in collection of University of 
Kansas, paratypes in U. S. National Museum, no. 53354. 

Host. —Unknown. 

Ceratagallia ovata (Oman), n. comb. Fig. 8 

AceratagaUta ovata Oman, Joum. Kansas Ent. Boo. 8 : 14. 1935. 

A robust sMcies, larger than bigelovxae. Shank of style much broader 
basally than distally; ventral tooth broad. Length 2.75-3 mm. 

External characters, —General ground color pale yellow; markings mostly 
faint or absent except for oval spots on crown, basal triangles on scutellum, 
and markings on forewin^, Clypeus usually tinged with pink. Male plates 
about twice as long as their combined basal width,tapering rather abruptly. 
Median lobes of seventh stemite of female shorter than lateral lobes, but 
well produced and bluntly pointed. 

Internal male gemtalia. —Shank of style broad basallv, but tapering 
sharply to a rather slender median portion. Ventral tooth broad basaUy, 
located just basad of foot of style. Inner margin of shank finely serrate di^ 
tally; heel scarcely produced; toe large, broader than narrowest part of shank 
and with tip slightly attenuate. Aedeagus with a blunt tooth near apex. 

Locahtjf. —Type locality, Yamell Heights, Aria. Type, U.S.N.M. no. 
50368. There are also specimens at hand from Mojave, Calif. 

Host. —Unknown. 
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Ceratagalibi neovata, n. Rp. Fig. 0 

Resembling soedla in general appearance, but with a less tumid head 
Style aiinilar to that of ovota, but more slender basally. Length 2 7-2.9 mm. 

External cAoroefers.—General ground color pale cinereous; markings on 
pronotum faint, others usually Satinet but not sharply delimited. Male 
plates as in lobata. Median lobes of seventh sternito of female bluntly pointed 
and nearly as long as lateral lobes. 

IfUemal male genitalia, —Shank of style much more slender basally than 
in otpoto, slightly sinuate and tapering gradually to footliko extremity, 
Ventral tooth small and bluntly pointed. Inner margin of shank finely ser¬ 
rate distally; heel small; toe slenderer and tip more attenuate than in ovata, 
Aedeagus with blunt tooth near apex. 

LocalUiee, —Type locality, Warner Springs, Calif Holotype male, allotype 
female, and 1 m^e paratype, June 3, 1935, P. W. Oman, U.S.N.M. no 
53355. Also 1 male parat^^ from Beaumont, Calif, July 26, 1933, R. H. 
Reamer, in collection of the University of Kansas. 

HoeL —Unknown. 

Ceratagallia tergata (Van Duzee), n comb Fig. 10 

AgaUta tergata Van Dusee, Proc California Acad. Sci. (4) 12:172. 1923. 
Aceratagallia tergata (Van Duseo), Oman, U. S Dept. Agr Tech Bull. 372; 
69. 1933. 

A comparatively large, robust species, usually without markings Male 
plates short and broad. Length 3-3.25 mm. 

External characters, —General ground color pale, sordid cinereous; mark¬ 
ings usually entirclv absent but sometimes present, particularly those along 
median line of head and pronotum and veins of oorium. Clypeus sometimes 
BuffuG^ with pale orange. Entire body sometimes with a whitish bloom. 
Male plates broad, scarcely tapering from base to blunt apex. Median lobes 
of seventh stemite of female rather short and bluntly pointed, median 
emargination between those lobes unusually wide and deep. 

Internal male genxtalta, —Shank of style distinctly sinuate Ventral tooth 
rather small, situated well basad of apex of stylo. Inner margin of shank 
finely serrate distally; heel small; toe rather long, with apex curved slightly 
oephalad. Apex of aedea^ hooked. 

LocaliHes. —^Type loc^ty, Tortuga Island, Gulf of Califorma. Type in 
collection of the California Academy of Sciences Other material from the 
following loc^tiesexamined. Caufornia; Beaumont, Coachella, Riverside, 
and Soboba Springs. Arizona: Sabino Canyon, Santa Rita Mountains, and 
Tucson. 

• Host,—Encelia 


Ceratagallia longipea, n. sp. Fig. 11 

Closely related to tergata, but with ovate spots on crown always present, 
and shaiik of style not sinuate. Length 3-3.25 mm. 

External <Aaracters, —General ground color pale cinereous. Spots on crown 
small, other markings usually absent, although the basal triangles on 
aoumlum and faint marks on distal portions of forewings are occasionally 
present. Clypeus usually very faintly tinged with pink, Male plates more 
Blender than those of tergata, and tapering slightly from base to apex. Median 
lobes of seventh stemite of female as in tergata. 
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Internal mdU genitalia ,—Shank of style relatively straight. Ventral tooth 
small, located basad of narrowest part of shank. Inner margin of shank ser¬ 
rate ^stally; heel but little produced; toe neatly produced and slender, 
thus making the foot of the style very long. Apex of aedeagus hooked. 

Localiiies .—Tvpo locality, Mojave, Calif. Holotypo male, allotype female, 
and 11 male and 5 female paratypes collected July 7, 1933, R. H. Beamer. 
Other paratyp>es; 2 males and 5 females from Kelso, Calif., June 9, 1908, 
E. D. Ball; 1 male from Big Bear Lake, Calif., July 26,1032, R. H. Beamer; 
1 male from Palm fringe, Calif., May 23, 1917, E. P. Van Dusee; and 2 
females from Palm Springs, Calif., May 21, 1017, E. P. Van Duzee. Holo- 
type, allotype, and paratypes in collection of the University of Kansas, para¬ 
types in collections of the U. 8. National Museum, no. 53350, the California 
Academy of Sciences, and E. D. Ball. 

Host, —Unknown. 


CeratagaUIa delta, n. sp. Fig. 12 

A rather robust, well-marked species with very broad male plates and 
long median lobes of the seventh stemite of the female. Len^h 3.1-3.25 mm. 

External characters,^ General ground color sordid yellowish white; mark¬ 
ings mostly of brown or fuscous and distinct, the oval spots on crown com¬ 
paratively large. Head distinctly produced and tumid medially. Male 
plates very broad and scarcely tamring from base to apex, caudal opening 
of pvgofer unusually largo. Meoian lobes of seventh stemite of female 
nearly os long as lateral lobes, rather slender and slightly divergent dist^ly, 
the median emargination between them narrow. 

Internal male genitalia ,—Shank of stylo long and rather slender, with a 
distinct bond near base. Ventral tooth blunt, located on base of foot of 
stylo. Inner margin of shank minutely serrate distally; heel small; toe 
slender and pointed. Apex of aedeagus blunti 

Loealtiy ,—Typo locality, Delta, Calif. Holotypo male, allotype female, 
and 41 male and 23 female paratypes collected June 28, 1935, P. W, Oman, 
U S.N M no. 53357 

Host,- -Unknown. 

Certttgollia vastitatia (Oman), n. comb. Fig. 13 

AceratagaUia vastiUUis Oman, U. 8. Dept. Agr. Tech. Bull. 372 : 69. 1933. 

IjCss robust than deUa. with male plates smaller and the shank of the style 
nearly straight. One of the largest species in the genus. Length 3.5-3.75 mm. 

External characters ,—General ^und color pde sordid yellow; markings 
mostly brown and rather indefinite except for the pair of fuscous spots on 
crown. Head scarcely produced medially. Male plates broad, but not so 
broad as thoso of deUa, tapering slightly from base to apex. Median lob€» of, 
seventh stemite of female bluntly pointed, nearly equal to lateral lobes in 
length. 

Internal male geniialia .—Shank of style nearly straight, not taperi^ 
distally. Ventral tooth small, located on base of foot. Posterior margin 
evenly rounded; inner margin of ^hank very finely serrate distally; heel 
soarocly produced; toe well produced and bluntly pointed. Apex of aedeagus 
slightly nooked. 

Localiiies, —Tvpe locality, Lund, Utah. Type, U.S.N.M. no. 44017. 
Material from the following localities examined: Utah: Dixie, Leeds, and 
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Lund. Nevada: Qlendale, Las Vegas, and Overton. Cautornia: Indio, 
Fort Yuma, and Potholes. Ariiona: lattlefield and Yuma. 

Hot.—Plttchea aericea. 

Ceratagallia ^>lopq»pl (Oman), n. comb. Fig. 14 

AceratagaUia aplopappi Oman, U. S. Dept. Agr. Tech. Bull. 372: 67. 1933. 

A robust species, easily separated from other species of the genus by the 
strongly arched male plates. Length 2 75-3 mm. 

External eharactera .—General ground color pale yellow; markings, except 
the pair of fuscous spots on crown, varying from pale yellowish brown to 
fuscous Male plates stronglv arched downward, broad basally, tapering 
gradually to the roimded and slightly divergent apices. Male pygofer with 
numerous fine, white hairs laterally. Median lobra of seventh stemite*of 
female as long as lateral lobes, pointed and closely appressed to the pygofer, 
which is usuuly shallowly grooved for their reception. 

Internal male genita/ta.—Bhank of style slightly sinuate, not tapered dist- 
ally. Ventral tooth absent. Inner margin of shank finely serrate distally; 
heel rounded and serrate, with the adjacent surface of the foot finely den¬ 
tate; ap» of toe bluntly rounded. Apex of aedeagus slightly hooked. 

Localitiea .—Type locality, Pima County, Aris. Type in collection of the 
University of Kansas. Material from the following localities examined: 
Arizona: Baboquivari Mountains, Benson, Coconino County, Maricopa 
County, Mescal, Phoenix, Pima County, Red Rock, Sabino Canyon, Sants 
Rita Mountains, 'Sasabe, Tempo, Tucson, and Yamell Heights New 
Mexico: Belen. 

Hoat. — Aplopappua. 

Ceratagallia ludora, n. sp. Fig. 15 

A robust sp^ics with a short, broad head. Shank of style more slender 
basally than distally. Length 3-3.2 mm. 

External eharactera .—General ground color pale cinereous, head tinged 
with p^c yellow;markings.except the pur of fuscous spots on crown, mostly 
indents. Male plates rather large, about as in vaatitaha. Median lobes of 
seventh stemite of female as long as lateral lobes, tips rounded. 

Internal male genitalia .—Shank of style with base rather strongly curved 
and more slender than distal portion. Ventral tooth located on foot of style. 
Inner margin of shank finely, irregularly serrate distally: heel scarcely pro¬ 
duced; toe broad, apex attenuate. Aedeagus with a small tooth near apex. 

Localitiea .—Type locality, Ferris, Calif. Holotype male, allotyiw female, 
and 3 male and 2 femede paratypes collected June 5, 1935, P. W. Oman, 
U.8.N.M. no. 53358. Also the following paratypes from San Diego County, 
Calif., collected by E. P. Van Duiee: 1 male, April 22,1913; 1 male and 1 
'female, October 3, 1913(?); and 1 male March 11, 1914. In collection of 
California Academy of Sdenoes. 

ffosl.—Unknown. 

Ceratagallia canona, n. sp. Fig. 16 

A rather slender species with head sli^tly produced. Shank of style 
nearly straight, foot of style slender. Length 3-^.5 mm. 

External eharactera .—General ground color pale cinereous, head often 
tinged with pale yellow; markinfa frequently indistinct, the pair of fuscous 
spots on crown usually ovate and oblique. Male plates comparatively largo 
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tapering gradually from base to apex. Median lobes of seventh stemite of 
female slightly shorter than lateral lobes, diverging slightly, tips bluntly 
pointed. 

Internal male genitalia ,—Shank of style rather slender. Ventral tooth 
slender and sharply pointed, located on foot of style Inner margin of shank 
finely serrate on distal half; heel well produced and ending in a sharp point; 
toe rather slender and sharply pointed Apex of aedeagus blunt 

Localitxes .—Type locality, Mint Canyon, Calif. Holotype male, allotype 
female, and 6 male and 5 female paraty|)es collected June 7, 1935, P. W. 
Oman, U.S.N.M. no. 53350. Also 4 male and 10 female paratypes from 
Beaumont, Calif., July 26, 1933, R. H. Beamer, in collection of University 
of Kansas, and the following paratypes from California, collected by E P 
Von Dusce, and deposited in the California Academy of Sciences: 2 males, 
San Diego County, June 18, 1913; 1 male, Alpine, September 13, 1923; and 
1 male and 1 female. Mint Canyon, April 20, 1932. 

Host, —Unknown. 

Ceratagallia tristis, n sp Fig. 17 

A rather slender species, related to canona, but darker colored and with 
the shank of the style more slender and curved Ijength 3.2-3 4 mm. 

External characters —General ground color sordid yellowish white, head 
and anterior portion of pronotum tinged with pink; markings mostly fuscous 
usually not sharply delimited on fore wings, and sufficiently extensive to 
©ve the entire insect a fuscous appearance. White mark on base of R+M 
conspicuous. Male plates rather slender, taponng gradually from base to 
apex. Median lobes of seventh stemite of female short and blunt, the 
median emargination separating them broadly V-shaped, the lateral 
emarginations narrow 

Internal male genitalxa ,—Shank of style broadly curved, tapering slightly 
from base. Ventral tooth prominent, located just basad of outer point Inner 
margin of shank irregularly serrate on distal two-thirds; heel well produced 
and usually bifid, apex of toe slightly attenuate. Apex of aedeagus hooked. 

Localtites .—Type locality, Perris, Calif. Holot 3 rpe male, allotype female, 
and 2 male and 6 female paratypes collected June 5, 19:^, P. W Oman, 
U.S.N.M. no. 533(K). Other paratypes from California as follows- 1 male, 
Son Francisco, April 27, 1908, E. D Ball, in collection of E D. Ball; 1 
male, San Francisco, April 18, 1917, W. M. GifFard, in collection of Cali¬ 
fornia Academy of Sciences; 3 males, Beaumont, July 26, 1933, R. H. 
Beamer; 1 male. Winters, August 5, 1929, R. H. Beamer; 1 female, Alpine, 
July 9, 1929, R. H. Beamer, in collection of the University of Kansas. 

Hod, —Unknown. 

Ceratagallia arroya, n. sp. Fig. 18* 

A robust species, usually heavily marked with fuscous. Style similar to 
that of tnstis but stouter and with shank less strongly curved. Length 3.1- 
3.4 mm. 

External charaetera ,—General ground color palo cinereous; markings un¬ 
usually dark, especially those on the crown and pronotum, the white areas 
on fore wings thus conspicuous in contrast. Head ^ghtly produced medially. 
Male plates much wider basally than distally. Median lobes of seventh 
stemite of female rather short, diverging and bluntly pointed 

Internal male genitalia —Shank of style slightly curved. Ventral tooth 
prominent and pointed, located a little more ba^ than that of irialia. Inner 
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margin of shank finely and irregularly serrate on distal half; heel bifid but 
proportionally smaller than that of tristia; toe slightly attenuate. Apex of 
aedeaguB slightly hooked. 

Localtbes ,—Type locality, Saugus, Calif. Holotype male, allotype female, 
and 17 male and 17 female paratypos collected June 7, 1935, P, W. Oman, 
U.S.N.M. no 63361. Also 17 mde and 12 female paratypes from Mill 
Creek Canyon, San Bernardino Mountains, Calif., colleotea September 23~ 
25, 1923, by E. P. Van Dueoo, in collection of California Academy of 
Sciences. There are also spocimcnfi at hand from the following California 
localities. Lompoc, Ontario, Pasadena, and San Diego County. 

Host — Ertodtciyon, 

Ceratagallla neodona, n. sp. Fig. 19 

Closely related to dondia, but style with a longer toe and a much smaller 
ventral tooth Length 3.6-3.9 mm. 

ExUrnal characters.—General ground color pale yellowish cinereous; 
markings, except the pair of small fuscous spots on crown, usually faint or 
absent, when present browu veins of the forewings and the traces of the 
lateral arcs on pronotum are most prominent. M^e plates rather slender, 
tapering distally. Median lobes of seventh stermte of female rather small, 
bluntly pointed and diverging, the lateral emarginations separating them 
from the lateral lobes very narrow. 

Internal male genitalia ,—Shank of stylo stout. Ventral tooth pointed, 
located just basad of foot of style. Inner margin of shank serrate on distal 
half; heel small; toe comparatively large and considerably longer than that 
of dondta, apex slightly attenuate. Apex of aedeagus slightly hooked. 

Locality ,—Typo locality, Nixon, Nev. Holotype m^e, allotype female, 
and 6 female paratypes collected June 20,1927, 7 female paratypes collected 
June 30, 1927, by E. P. Van Duseo. Types in collection of California Aca¬ 
demy of Sciences, 4 paratypes in collection of U. S. National Museum, no. 
53362. 

Hoti, —Unknown. 

Ceratagallla pera, n sp. Fig. 20 

Closely related to arroya and dondia^ but with toe of style very largo and 
ventral tooth of stylo larger than in cither of those siiecics. Length 3.6-3.9 
mm. 

External characters ,—General ground color pale yellow or yellowish 
cinereous; markings very faint or absent, except the pair of small fuscous 
spots on crown and sometimes the brown veins of forewings. Male plates 
comparatively small, tapering sharply from base to apex. Lobes of seventh 
stemitc of female short, median lobes blunt. 

Internal male gentialta ,—Shank of style stout and of nearly uniform width. 
Ventral tooth very largo and angular, located just basad of foot of style. 
Inner margin of shank coarsely and irregularly serrate on distal two-thirds; 
heel rather small; toe very large, apex pointed but not attenuate. Apex of 
aedeagus blunt. 

LocaZify.—Type locality. Perns, Calif. Holotype male, allotype female, 
and 14 male and 20 female paratypes collected June 6, 1936, P. W. Oman, 
U.S.N.M. no 63363. 

Hosl. —Unknown. 

Ceratagollia ctlifai n. sp. Fig. 21 

Related to pera, which it resembles in |pneral appearance, but style with 
a smaller ventral tooth and a larger heel. Length 3.2-3.76 mm. 
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External eharadera .—General ground color yeUowish white; markings 
usually either very faint or entirely absent, the pair of spots on crown, when 
present, small and elongate-ovate in shape. Male plates similar to those of 
pera, but slightly longer. Lobes of seventh stemite of female short and blunt. 

IrUemal male genUalia .—Shank of stylo more slender and more curved 
than that of mra. Ventral tooth prominent and angular, located just basad of 
inner point. Posterior margin of style very shallowly emarginate; inner mar¬ 
gin of shank iir^ularly serrate on posterior tw(^'thi^d8; heel well produced 
and pointed: too large and blunt, with a nipplelike projection at latero- 
ceph^ic angle. Apex of aedeagus uightly hooked. 

Localtttea.—Type locality, Califa, Calif. Holotype male, allotj^ female, 
and 22 male and 36 female paratypM collected June 12,1936, P. W. Oman, 
U.S.N.M no. 63364, Also 4 male and 5 female paratsmes from Selma, Calif., 
June 4, 1929, E. P. Van Dusce, in colleotion of California Academy of 
Sciences. Other s^imens from Los Banos and Bakersfield, Calif., examined. 

Host .—Probably Dondia. 

Ceratagollla dondia (Oman), n. comb. Fig. 22 

Aceratagallia dondia Oman, U. S. Dept. Agr. Tech. Bull. 372:68.1933. 

A large, rather robust species. Style with a relatively short toe and a large, 
angular, ventral tooth, Length 3.4^.76 mm. 

External charactera.—General ground color pale yellow; markings, with 
the exception of the pair of fuscous spots on crown, frequently faint or 
absent, when present usually brown but occasionally fuscous. Male plates 
comparatively slender, width basally about twice the apical width. Median 
lobes of seventh stemite of female shorter than lateral lobes and bluntly 
rounded. 

Internal male gentialia .—Shank of style nearly straight and rather broad 
basally. Ventral tooth large and angular, located just basad of foot of style 
at narrowest part of shank. Posterior margin of style broadly and rather 
uniformly rounded; inner margin of shank finely and irregularly serrate; 
heel well produced and angular; too rather short, about as long as greatest 
width of shank, apex anglra but not attenuate. 

Loealthes .—Type localitv. Thermal, Calif. Type, U. S. N. M. no. 44016. 
Other material from the following localities exonuned. Calitobnia: Catalina 
Island, Coachella, Fort Yuma, and Panamint Mountains. Nbvada: Bunker- 
ville. Las Vegas, and Overton, Utah: Delta, Qrantsville, and Leeds. 
Abisona: Saoaton, Tucson, and Yuma. Colobado: Grand Junction and 
Rocky Ford. Tbxab: El Paso. 

Host. — Dondia. 

CeratagaUia loma, n. sp. Fig. 22 

Resembling artemisia and biaeUmiae in site and general form, but more 
closely related to griaea on the basis of the shape of the style. Smaller than 
grisoa and with the shank of the style more coareoly serrate. Length 2.6- 
2.7 mm. 

External charactera .—General ground color sordid cinereous, head tinged 
with yellow; markings mostly fuscous and sharply delimited, the median 
strii^ on crown diverging posterioriy. A robust species adth head slightly 
tumid. Male plates comparatively large, very uttle narrowed distolly. 
Median emargination in posterior margin of seventh stemite of female broad 
but not angular; median lobes short and blunt. 
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Internal nude genitalia .—Shank of style slightly sinuately curved, broader 
basally than near foot. Ventral tooth rather lar^ and angular, located just 
distad of narrowest part of shank. Inner margin of shank coarsely and ir¬ 
regularly serrate except basally; heel well pn^uced and slightly bi6d; too 
rather broad, with anterolateral angle attenuated. Apex of a^eagus slightly 
hooked. 

Locality .—Type locality, Warner Springs, Calif. Holotype male, allotype 
female, and 1 male paratype collected June 3,1935, P. W. Oman, U.S.N M. 
no. 53366. 

Host. —Unknown. 

Ceratagallia grlsea (Oman), n. comb. Fig. 24 

Aceratagallia gnaea Oman, Joum. Kansas Ent Soc. 8: 13. 1935. 

A robust gray species marked with fuscous. Style with shank rather 
slender and tm broad and short. Length 3 mm. 

External characters .—General ground color pale gray, clypeus tinged with 
pink; markings usually sharply delimited. Fri>notal markings variable, 
those most often present being the two median stripes and a spot near each 
lateral margin wiiich represents a trace of the lateral stripe. Male plates 
rather long and slender, tapering gradually from base to apex. Median emar- 
gination in posterior margin of seventh stemite of female broadly V-shaped, 
median lob^ bluntly pointed and nearly as long as lateral lobes. 

Internal male gentUdta .—Shank of style slightly sinuate, becoming nar¬ 
rower distally. Ventral tooth blunt, located at base of foot of style. Inner 
margin of shank irregularly serrate; heel well produced and usually bifid; 
toe broad and relatively short, the anterolateral angle leas attenuated 
than in Uma. Apex of aedeagus slightly hooked. 

Locality .—Typo locality, Ramsey Canyon, Huachuca Mountains, Aris. 
Type, U.S.N.M. no. 50367. 

Boat. —Unknown. 


CeratflgalllB lupinl, n. sp Fig. 25 

A robust species, related to griaea but larger and paler, the stylo with 
shank more strongly curved and toe broader. Len^h 3.4-3.9 mm. 

External characters .—General ground color sormd white to pale ^y, 
bead sometimes tinged with peJo yellow. Markings frequently entirely 
absent, always considerably reduced and usually faint. Head slightly 
tumid. Male plates as in griaea. Male pygofer with numerous fine white 
hairs laterally. Median lob^ of seventh stemite of female bluntly pointed 
and slightly shorter than lateral lobes, the median emargination separating 
them not angular. 

• Internal male genitalia .—Shank of style strongly, sinuately curved. Ven¬ 
tral tooth located on base of foot of style. Inner margin of shank irregularly 
serrate on distal two-thirds; heel well produced; toe very broad and blunt, 
the antero-lateral angle not attenuated. 

Localitiea .—Typo locality. Three Rivers, Calif. Holotype male, allot]^ 
female, and 19 male and 28 female paratypes, collected June 9,1935, P. W. 
Omam U.S.N.M. no. 63366. Other paratyp^ 14 males and 14 females from 
San Fnncisca Calif., June 20, 1935, P. W^. Omam and 6 males and 13 
females from Santa Maria, Calif., July 19, 1933, R. H. Beamer. 

Host. — Luptniu. 



PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

THE ACADEMY 

NEW MEMBERS ELECTED 

The following have recently been elected to tnembeiBhip in the Academy: 

Active resident members: 

Charles Armstrong, senior surgeon, U. S. Pubho Health Service, in 
roco^ition of his contributions in the fields of medical bacteriology 
and immunology and particularly fur his studies on poliomyelitis 
and lymphocytic chorio-meningitis. 

Raymond McGeart Hann, chemist. National Institute of Health, in 
recognition of his contnbutions to the chemistry of sugars and re¬ 
lated compounds. 

William Vincent Lambert, senior animal husbandman, in charge. 
Genetics Division, U. S. Bureau of Anin^ Industry, in recognition 
of his contributions to avian and mammalian genetics^ especially 
in the field of inheritance of disease resistance and of inbreeding. 

Harald Alfred Rehder, assistant curator. Division of Molluslm, 
U. S. National Museum, in recognition of his scientific attainments 
in the field of malacology. 

Francis Owen Rice, head of the Department of Chemistry, Catholic 
University of America, in recognition of his contnbutions to the 
study of the kinetics of organic reactions, in particular his re¬ 
searches on free radicals. 

Irl Corley Schoonover, associate chemist. National Bureau of 
Standards, in recognition of bis contributions to potentiometric 
methods of chemical analysis and the properties of silver and 
dental materials. 

J. Leon Shebeshefbky, chairman of the Department of Chemistry, 
Howard University, in recognition of bus work on capillarity, 
adsorption, and surface tenaon. 

William R. Van Dersal, biolo^st, U. S. Soil Conmrvation Service, 
in recognition of his work on food plants of native game. 

Milton Victor Veldee, surgeon, U. S. Public Health Service, in 
reoogmtion of his contributions to medical bacteriology, immunol¬ 
ogy, and epidomology, in particular his studies on scarlet fever. 

Ernest Pillbbuby Walker, asristant director. National Zoological 
Park, Smithsonian Institution, in recognition of his attainments in 
biolo^, with special reference to mammals. 

Active nonresident members: 

Cabl John Drake, head of the Department of Zoolo^ and Ento¬ 
mology, Iowa State College, and State Entomologist, Ames, 
Iowa, in recognition of his contributions to the taxonomy of the 
Hemiptera, especially the families Tingitidae and Gerridae. 

William Albert Hoffman, assistant professor of parantolo^. School 
of Tropical Medicine, San Juan, r. R., in recognition of nis con¬ 
tributions to medical entomology and parasitology. 

Robert Matubson, professor of entomology, Cornell University, 
Ithaca, N. Y., in recognition of his researches in medical ento¬ 
mology, partieularly his work on the taxonomy of mosquitoes, 
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Honorary members: 

Carlos de la Torre t db la Htteuta, School of Sciences, University 
of Havana, Havana, Cuba, in recognition of his scientific attain¬ 
ments. 

Henri F. Pittier, botanist and administrator of Agriculture, Caracas, 
Venesucla, in recognition of his contributions to the botany of 
South and Central America. 

Leonhard Stejnboer, head curator of biology, U. S. National Mu¬ 
seum, in recognition of his contributions to herpetology, ornithol¬ 
ogy, and mammalogy. 

INCREASE IN RESIDENT MEMBERS VOTED 

As a result of the balloting ending July 4, 1030, tho membership of the 
Academy overwhelmingly voted to increase the number of resident active 
members from 400 to 450. There arc, therefore, approximately 50 vacancies 
in the resident membership. This is brought to the attention of the members 
with the suf^i^tion that they nominate those from among their associates 
who are eligible for membership. Nomination blanks may bo obtained from 
the Corresponding Secretary and should be returned to the present Chair¬ 
man of the Membership Committee, E. W. Price, U. S. Bureau of Animal 
Industry. 

AWARDS FOR SCIENTIFIC ACHIEVEMENT 

At its meeting on October 20, 1939, tho Board of Managers of the Acad¬ 
emy voted the establishment of awards for noteworthy discovery, accom¬ 
plishment, or publication in the physical, biological, and enginccnng sci¬ 
ences, respectively. An award will be presented in each of thoiie throe fields 
not oftener than once in any calendar year The awards, which will take 
the form of suitably inscnb^ certificates and be appropnatoly presented, 
will be limited to persons 40 or less years of age who are members of the 
Academy, resident or nonresident, or to members of societies affiliated with 
the Academy resident in the Washington area The Committee on Awards, 
which has been appointed by tho Presideftt of the Academy, will make 
recommendations each year to tho Board of Managers not later than the 
annual meeting of the Academy, and tho first awards may be made for the 
calendar year 1940 President Chambliss has divided the Committee on 
Awards (James F. Couch, temporary chairman) into thn^ subcommittees, 
one for each of the three fields of science concerned: Biological Sctencec, 
Austin H. Clare, Frederick A. Coe, John M. Cooper, Howard A 
Edson, E. a Goldman (temporary chainnan), H W. Schoening, Gott¬ 
hold Steiner, Alexander Wetmoke; Physical Sciences^ Arnold K Balls, 
Oscar S. Adams, Ferdinand O Brickweddk, James F Couch (temporary 
"chairman), W, Edwards Demino, Oliver H. Gish, Oscar E. Mbinbeh, 
Fred L. Mohler, Waldemar T. Schaller, George Tunell, Roger C. 
Wells, Edgar W. Wooijird, Oliver R. Wulf; Engineering Sciences, 
William Bowie, Harvey L. Curtis (temporary chairman), Francis M. 
Dbfandorf, Herbert G. Dorsey, John W. McBurnbt, H. L. Whitte- 
MORE, Paul C. Whitnet. 

publication of monographs 

It has been felt for some time that much valuable scientific material has 
been lost for want of publication and that the Academy should undertake 
the publication of scientific monographs to care for part of this problem 
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Accordin^y, at its meeting on October 20, 1039, the Board of Managers of 
the Academy approved the establishment of a Committee on Monographs, 
whose functions will be to select appropriate manusrripts and arrange for 
their publication in the form of monographs. Preference will be ^ven to 
manuscripts prepared by members of the Academy. The Committee on 
Monographs consists of six members, each appointed to serve a term of 
three years, except that of the first appointees, two are for one yew, two are 
for two years, and two are for three years, and that the retiring Senior 
Editor of the Journal is one of the two new members annually appointed 
to this committee. To carry out the work of the Committee on Monographs, 
the Academy has established a revolving fund of $1,000, wMch will be used 
to underwrite the publication of the first monographs Receipts from the 
sale of monographs will be credited to this fund and used to finance the 
publication of future monographs. President Chambliss has appointed the 
following to serve as the Committee on Monographs' for one year, Fbbd- 
EBicK D. Rossini, John A. Stevenson; for two years, Roland W. Brown, 
Eben H Toole; for three years, Henry B. Collins, Jr. (chiurman), 
Emmett W. Price. Proposals from authors concerning the publication of 
such monographs should be sent to Henry B. Collins, Jr , Smithsonian 
Institution, Washington, D. C. 

custodian and subscription manager of publications 

On May 5, 1939, the Board of Managers of the Academy created the 
office of Custodian and Subscription Manager of Publications This ofiicer, 
appointed for a term of three years, shall handle correspondence with new 
subscribers and subscription agencies, shall have charge of all reserve stocks 
of the Academy’s publications, shall inaugurate a program to increase the 
sale of back numbers and complete sets of the Journal, shall fill orders for 
the purchase of back numbers and sets, shall maintain at all times a detailed 
inventory of reserve stocks of back literature, and shall submit to the 
Board of Managers at the end of each year a detailed account of his activi¬ 
ties. President Chambuss has appointed W. W. Diehl, of the U. 8. Bureau 
of Plant Industry, to this new office. 

CHEMICAL SOCIETY 
509th meeting 

The 500th meeting and the annual dinner of the Society were held in the 
auditorium of the Cramos Club on Thursday, March 9,1939, with President 
Kraces acting as toastmaster. Following the dinner. Past President N. L. 
Drake was introduced. He briefly reviewed the past history of the Hille- 
brand Prize Award, spoke of some of its objectives, and introduced the 1938 
recipients. President Kracek then presented the award in a brief and di^- 
nifira ceremony to Raleigh Gilchrist and Edward Wichebs for their 
contribution entitled A new ayetem of cmalytieal chemieiry for the plaHnum 
metale. The next speaker was Pri^essor James Lewis Howe, of Washington 
and Lee University, who spoke in a delightful manner of the early history 
of research in platinum metal chemistry in this country, leavening his re¬ 
marks with many personal rcminisoenocs. The two recipients were next in¬ 
troduced. Edward Wichebs spoke on Olimptee of plahmim metal ehemietry, 
outlining the basic problem, and the mode of att^ that has led to its solu¬ 
tion in the laboratories of the N'ational Bureau of Standards. Raleigh Gil¬ 
christ gave Reminieeencea of the research, which has, incidentally, led to the 
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S )roduotion of platinum metalfi of known and controllable purity, for it ie 
ound that many of the analytical procedures, when employ^ on large scale 
lots, lead to the economical production of the pure metals in competition 
with the methods that formerly led to relatively impure products. 

510tu meeting 

The 610th meeting was held in the auditorium of the Cosmos Club on 
Thursday, April 13, 1039, President Kbacrk m the chair. After the reading 
of the minutes the Society was addressed by Warren E. Emlrt, chief of the 
Organic and Fibrous Materials Division, National Bureau of Standards; 

Warren E. Emley; Teaiing of plasitcs and the significance of the results ,— 
The variety of plastics commercially available is now very large. Manu¬ 
facturers have sufficient control of their processes to vary the properties of 
their products within large limits. If a prospective consumer can tell the 
manufacturer just what properties he desires, he can probably find some 
manufacturer willing to undertake to make an article^ having those proper¬ 
ties. Before this can be done, however, it is essential that accepted test meth¬ 
ods be available. Otherwise the consumer will not be able to make his wants 
known in a manner intelligible to the manufacturer. The development of 
such test methods is now the major objective of the work of Committee 
D-20 on Plastics, of the American Society for Testing Materials. {Author's 
abstract) 

6Uth meeting 

The 511th meeting was held at the Umversity of Maryland, College Park, 
Md., on Thursday, May 11,1939, President Kracek presiding. The meeting 
was preceded by an informal dinner m the University Dining Hall. After 
the reading of the minutes the Society divided into throe sections for the 
reading of papers. 

Section of Analyttcal Chemistry^ C. E White presiding: 

A. Keith Brewer; The application of the mass spectrograph to the study of 
isotope abundance and atomic weights, —^Two types of mass spectrographs are 
in use at the present time. The Aston combined energy and momentum ana¬ 
lyser is used for accurate determinations of mass, and the Dempster 180° 
momentum analyzer for determinations of abundance ratios. Within the 
past few years mass spectrograph dcsi^ and technique have been so simpli¬ 
fied and perfected that high precision instruments can now be built at com¬ 
paratively moderate cost. 

The principal use of the mass spectrograph at the present time is for the 
determination of isotope abundance ratios. From such measurements on 
lead and uranium an estimate of the geological age of the rocks can be ob¬ 
tained, while from similar measurements on potassium and calcium, or rubid¬ 
ium and strontium minerals, the age of matter itself can be computed. Atom¬ 
ic weights of most of the dements can be determined directly from the 
abun&noe ratios; the accuracy is comparable with the best chemical tech¬ 
nique for absolute weights and materially better for comparative values. 
Abundance measurements have shown that the atomic weic^ts of several of 
the elements are not constant in nature but va^ between appreciable limits. 
Very small quantities of material are needed in determining isotope abun¬ 
dance ratios. In the case of potassium, 10"^ gms of any jratassium containing 
material is all that is requir^, while 10~^* gms of potassium can be detected; 
no ohemi(»l treatment is necessary. 



548 JOUBKAL OF THE WASHINOTON ACADEMY OF SCIBNCEft VOL. 29 , NO. 12 


New uses for the mass spootrograph are continually being found. Doubt¬ 
less the most important application is in the anal^is of biological tissues for 
natural isotopes used as "indicators’' in metabolic studies, ^oent develop¬ 
ments of methods for concentrating isotopes and the phenomenal results 
that have been obtained bid fair to make the mass spectrograph a necessi^ 
instrument for the biochemist The mass spectrograph has great possibilities 
in the field of analytical chemistry; this is especially true in the analyses of 
trace elements where extreme sensitivi^ is necessary. {Avthor^s abstract.) 

Louib L. Madsen and Rubsell E Davis: on the determination of 

carotene and vitamin A in blood plasma mlh the spectrophotometer. —Spectro- 
photometric examinations have been made on extracts containing the non- 
saponifiable fraction of cattle blood plasma. Extracts from carotene deter¬ 
minations wore made to volume in a mixture of equal parts absolute ethyl 
alcohol and a higher boiling petrolic ether (B. P. 00^-98^ C) after being ex¬ 
tracted according to the principle of the Willst&tter and Stoll procedure By 
definition, the material corresponding to the theoretical beta-carotene al> 
sorption measured at 430, 436, 450,ana480m/< is listed as carotene, while the 
nonsaponifiable material of blood plasma which was soluble in cold methyl 
alcohol and had a selective absorption maximum at328mMwas called vitamin 
A. In general, extracts from blood plasma which are high in carotene and 
vitamin A give absorption characteristics more nearly equal to theoretical 
values than extracts from blood plasma from animals that arc low or defici¬ 
ent in these factors. Methods for the preparation of extracts that are free 
from compounds causing interfering abwrption have not been developed 

Data are presented on determinations made on the blood plasma of beef 
heifers fed normal and carotene-deficient rations and a relation between the 
carotene intake and the carotene and vitamin A content of the blood plasma 
was demonstrated Uncorrected values arc recorded showing the carotene 
content of the plasma of normal animals to be as high as 11.7 micrograms mr 
cc, while the highest vitamin A value found was 0.58 microgram per cc. For 
deficient animals the lowest blood carotene recorded was 0.06 imcrogram per 
cc, while the lowest vitamin A value found was 0.03 microgram per cc. It 
appears that the degree of carotenemia depends upon the exogenous supply 
and storage of carotene and therefore vanes within wide limits, while the 
vitamin A content of the plasma reaches a less variable physiological level, 
which it maintains as long as the supply of carotene or vitamin A is ade¬ 
quate but which also decreases in the state of deficiency. (AtUhors^ abstract.) 

Oeobge M Machwart and Marriott W. Bredekaup: Acidity in pe¬ 
troleum oils: Eketrometne titration method .—A study of acidity in an oxidised 
petroleum oil by electrometric titration has indicated that: (1) Rate of for¬ 
mation of acidit)^ may be independent of the rate of formation of sludge; (2) 
the amount of acidity present was found to be grater with certain inhibitors 
present in the oil than in the absence of these inhibitors. The apparatus used 
was found to be very sensitive to external factors and several recommenda¬ 
tions were made to xunimise the effect of these factors. It is believed that the 
electrometric titration method for the determination of acidity may be vdu- 
able in the development of the mechanism of inhibition and deterioration of 
motor lubricants. {Authors^ abstract.) 

Section of Organic and Biological Chemistry^ N. L. Dbaxb presiding ; 

Lewis W. Butx, Adam M. Qaddib, and Eleanors W. J. Buts: The 
ihesU of substances related to steroids .—^The steroids that have been synthd- 
aiaed from simpler nonsteroid compounds have contained one or more ben- 
senoid rings. 01 the 70 or 80 steroids that have been found in nature, 6 con- 
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tain a bensenoid or naphthalenoid system; the others are alicyolio. We have 
studied some addition reactions of l,?,5-hcxatricne with a yiew^ to the 
development of sjrnthetio methods for the preparation of the alicyclio typo. 

Hexatriene would be exacted to add by a Diols-Alder reaction to unsatu- 
rated carbon-carbon bonds to give compounds containing a 3-vinyIoycIo- 
hexene system. Although other types of Edition can be foreseen, the Diels- 
Alder type occurs very generally with polyenes. If the 3-vinyloyclohcxeno 
derivative is formed, it will show a tendency to rearrange to isomers in which 
the two double bonds have become conjugated, although the experimental 
conditions under which such isomerisation occurs have not been prcoisely de¬ 
termined By migration of a single hydrogen atom, two secondary products 
can result, a 3-ethylidenecyclohexene and a 2-vinylcyclohexene. The latter 
is a reactive diene type and should add a mol of olefin to give a product 
which contains an Batalin system. The 3-cthylidenecycIohcxcnc type has 
been found not to participate in the Diels-Alder reaction, but it might con¬ 
ceivably isomerisG by migration of another hydrogen atom to an ethylcy- 
clohexadiene which is a reactive diono type. It should therefore be possible, 
by supplying an active addend to the 3-vinylcyclohexene derivative, to diret 
ifiomenzation preponderantly in the direction of formation of the 2-vinylcy- 
olohexene and obtain in good yield a product which is essentially the result 
of the successive addition of two mols of olefin to hexatriene. 

The synthetic route under investigation then consists of three steps; 

I hexatriene-holefin->3-vinyloyclohexene 

II 3-vinylcyclohexene->2-vinylcyclohexene 

III 2-vinylcyclohexene+olefin-►S-octalin 

For the synthesis of a steroid the olefins in this, the shortest reaction ^ries, 
must be a cyclopentene and a cyclohexcne derivative Other series consisting 
of addition of open chain compounds to a triene or dienyne system, followed 
by ring closure of the Diels-Alder or other type, may prove of greater prac¬ 
tical importance. 

Aside from one failure to add l-methylcyclohexcn-3-one to hexatriene, 
only one Diels-Alder addition to hexatriene has been reported. E. H Farmer 
reported the synthesis of 6-ethylidenc-l,2,3,6-tetrahydrophthalic anhy¬ 
dride from hexatriene and maleic anhydride at 100® Since 6-vinyl-l,2,3,6- 
tetrahydrophthalic anhydride would be the expected product, isomerization 
was nearly complete. Wo have found, however, that by allowing hexatriene 
and malcic anhydride to react at 30^ a quite different adduct is obtained 
which is isomenc with Farmer's ethylidenc-anhydride. 

Naptho-l,4-quinone and hexatriene at 50® gave two products, a liquid and 
a solid. Present evidence indicates that the Uquid is the expected vinyltet- 
r^ydroanthraquinone, that the RoUd is the ethylidenetetrahydroanthra- 
quinone or ethyldihydroanthraquinonc. Hexatriene and 4-acetoxylo-2,5- 
*quinone gave two solid isomers of the expected empirical constitution. Hexa¬ 
triene and 7>-xylo-2,5-quinone gave a liquid 1:1 adduct and a mixture of 
solid products from which a fraction with the composition of an adduct of 
one mol hexatriene with two mols xyloquinonewas obtained. A similar prod¬ 
uct was obtained from the 1:1 adduct by heating with xyloquinone. In 
contrast to the other solid adducts reported here, which were cratallinc. 
this interesting fraction from xprloquinone appeared to be amorphous ana 
individual batches melted at different temperatures. Cyclopentene-l-alde- 
hyde and l-methylcyolopenten-5-oiie gave liquid adducts of the expected 
composition (hydroindenes) with hexatriene. {Auihors* abatraci.) 

M. Habbib and A. Sookne; Etedrophoretu $tudiea of fiber (prototn and 
ceUidoee) awffacea. — No abstract available. 
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R. M. Hann, W. D. MacLat, and C. S. Hudson: The drudure of diace^ 
lone dulcitols. —It is shown that the proj^rties of the a- and /S-diacetone dul- 
citols, as well as those of several new derivatives of these substances, exclude 
the possibility that they can be enantiomorphic substances and prove that 
they are structural isomers. Evidence has been obtained from periodate and 
lead tetraacetate oxidations that neither a- nor /S-diacctone dulcitol oontfuns 
a glycol grouping. The results of a study of the ^tosyl, ^-iodo, and ditrityl 
derivatives of ^iacetone dulcitol indicate that it contains two free prinaiy 
hydroxyl groups, and a study of the oxidation of the diacyl dulcitols, deriva¬ 
ble from it, proves that its structure is that of 2,3^4,5-diacetone dulcitol. The 
results of a study of the ditosyl, monotosyl monoiodo, and monotrityl mono- 
acetyl derivatives of ot-diacetone dulcitol indicate that it contains one free 
primary hydroxyl group and one free secondary hydroxyl group, and a study 
of the oxidation of the dibensoyl dulcitol derived from it proves that it is 
2,3,6,6Hdiacetono-I>,L-galactitol. An acyl migration by which 1:4-dibcnsoyl- 
i>,L-galactitol (a racemic form) passes to 1:0 dibensoyl dulcitol (a meso 
form) has been demonstrated. 

A cyclic acetal shift has been shown to be the cause of the intercstinig and 
unusual changes which Fischer and Bergmann noticed upon acetylation of 
o-diacetonc dulcitol. The shift occurs as a stage in the bensoylation of ot- 
diacetone dulcitol with benzoyl chloride and quinoline or psrridine at ele¬ 
vated temperatures. In structural terms it is represented as the passage of 
l:4-dibenzoyl-2,3,5,&-diacetone-i),L-galaotitolto 1:0-dibcnBoyl-2,3,4,5-^ao- 
etonc dulcitol. {Authors’ abstract.) 

Section of Physical Chemistry, M. M. Haring presiding: 

R. E. Gibbon and 0. H. Loeffleb: The effect of pressure and teinperature 
on the absorption of light by solutions of aromatic amines in nitrobentene. —No 
abstract available. 

J. F. Schairer: The chemical composition of the rock-forming pyroxenes .— 
The rock-forming pyroxenes constitute one of the most important mineral 
groups of the igneous rocks They present exceptional complexity both of 
cmtalline modifications and chemical composition, and are a series of solid 
solutions, somo of tho molecules of which aro completely miscible and others 
only partly miscible. The important chemical molecules that enter into the 
composition of the rock-forming pyroxenes are: CaSiOt, wollastonite, 
pseudowollastonite; M^iOa, enstatite, clinoenstatitc; CaSiOi MgSiOi, diop- 
side; FeSiOi, ferrosilite, clinoferrosilite; CaSiOt FeSiOt, hedenbergite; 
MnSiOi, rhodonite, bustamitc; CaSiOt MnSiOt, johannsenite; mole^es 
containing AliOj, augites; FejOi, augites and babingtonite;TiOt, titaniferous 
augites; NaiO A1|0| 4SiOt, jadeite; NatO FeaOi 48iOt, acmit^ aegirite.^ 

The three most important molecules arc the mctasilicates CaoiOi, MgSiOn 
and FeSiOa. Data for the stability relations between CaSiOi—^FraiOa and 
MgSiOi—FeSiOi have been given by Bowen and Schairer in papers on the 
systems CaO—FeO—SiO* and MgO—FeO—SiOi, respectively. The rela¬ 
tions between diopside (CaMgSliOa) and M^^iOa are ^ven by Bowen and 
Andersen in their paper on the system forsterite—diopmde—silioa. Data are 
presented here for the binary system CaSiOa—diopsido (CaM^itOe). In 
order to find the stability relations of the pyroxenes contiuning AlsOa, it will 
be necessary to study two quaternary systems: CaO—FeO—AhOi—SiOi 
and MgO—FeO—AliOa—Si(^. The first of these is in progress and complete 
data for the ternary system, FeO—AlfOt—SiOi, are presented. The inoongru- 



Dxcbmbiib 16,1639 PROCBiDDcas: botavicai, socibtt 


661 


ent nature of the melting of aomite (NatO FeiOi 4SiOi) and complete melting 
relations for this minei^ have been given by ^wen, Schairer, and Willems 
in their paper on the system Na^iOi—FeiCb—SiOi. Data are at hand show¬ 
ing that jadeite (NaiO-AliOi-^iOi) near liquidus temperatures breaks 
down into nepheline and albite. {AtUhor^a dbatract.) 

Waltbb J. Haubb: Variation of hydrogen-ion concentration vrith temperor 
tore .—Although considerable information is available on the variation of 
ionisation constants with temperature^ little is known of the variation in 
hydrogen-ion activity or "active acidity" with temperature. In order to 
leam whether the variations of "active acidity" are similar to the variations 
in ionisation constants and whether there is a general relationship between 
hydrogen-ion activity and temperature, measurements were made at 6° C 
intervals from 0° C to 60° C of the pH values of different types of solutions 
by means of gajvanic cells without liquid junctions, using hydrogen wd sil¬ 
ver-silver chloride electrodes. This method of measuring the aci^ty is inde¬ 
pendent of Sorct effects and lii^uid junction errors, common to the usual 
electrometric method of measunng acidity. The solutions studied were po¬ 
tassium acid phthalato, sodium acid malonatc-sodiummalonate,sulfanuc acid, 
boric aoid-potassiumhydroxidc, glycine-hydrochloric acid, glycine-sodium hy¬ 
droxide, hydrochloric acid, and potassium hydroxide. From the pH data 
obtained for these solutions, it was observed that with an increase in temper¬ 
ature the pH values of alkalies decrease, the pH values of strong acids in¬ 
crease and that the pH values of weak adds exhibit a minimum in the pH- 
temperature curve, the minimum occurring at different temperatures for 
different pH values. The degrra of change in pH with temperature is smaller 
the closer the pH is to neutrality. It was also observed that the changes are 
independent of the concentration of the solution but depend Blightl]r upon 
the valencies of the ions in the solutions. The difference in the variations of 
alkaline and acid solutions with temperature may possibly be explained by 
the differences in the apparent partial molal volumes of alkalies and acids 
and by the differences in the variation of this quantity with temperature and 
by the large change in the pH of water with temperature. It was also ob¬ 
served that the vuiations are different for ampholytes such as amino acids 
than for other types of solutions. They exhibit smaller changes in the acid 
range and larger changes in the alkaline range than the other typos of solu¬ 
tions. This may be explained by the fact that the entropy of ionisation of 
amino acids is about half that for other acids and bases and by the fact that 
the charges on ampholytes are widely separated, giving rise to a strong elec¬ 
trostatic field. (Author’e abstract.) Raykono M. Hann, Secretary. 

BOTANICAL SOCIETY 
• 292d mxbtino 

The 292d regular meeting was held in the assembly hall of the Cosmos 
Club, NovemMr 1, 1938, President Gravatt presiding; attendance 85. 
Qeobob E. Hallidat was elected to membership. 

Notes and reviMs.—W illiam A. Datton caUed attention to a mono¬ 
graph on lupines being prepared by Charles l^per Smith of Saratoga, CaM., 
for which subscriptions would be welcome. Hugo Glffck of the University 
of Heidelberg has made a request for specimens of Mieranthemum ntdtaOii, 
an aquatic plant. Robbbt Cook called attention to the fact that some 

E itents had been issued recently on chemicals for growth of roots to the 
oyce Thompson Institute. 
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Pro^m.— Howard W. Johnson: Myeologicd and pathological obsena- 
tions on Crotalaria. Croialaria, a new summer cover and green manure 
crop, is proving to be especially well suited to the sandy lands of the South. 
Two species, C. stnata and C. spedabtlta, already have become of agricultural 
importance. In plantings made to date these species have been found im¬ 
mune from nematodes. This fact is of great economic importance in con¬ 
nection with any crop throughout the South. However, diseases are already 
proving a factor in the growth of Crotalaria in the United States and in this 
paper attention is called to three diseases attacking the crop at Arlin^n 
Ei^eriment Farm, Arhngton, Va. These are: (1) powdery mildew (Miero- 
aphaera dtffuaa), (2) gray mold {Botrytta ctnerea) and (3) mosaic (virus). 
Perithecia of the powdery mildew develop on Cndalana species in both 
field and greenhouse at Arlington Farm. This is apparently the first report of 
perithecia of Mtcroapkaera dtffuaa on this host in the Western Hemisphere 
and confirms earlier records of this powdery mildew on Crotalarta from 
Puerto Rico, where identification was based on tho oidial stage only. The 
mosaic on Crotalaria causes dwarfing and mottling of the leaves and extreme 
proliferation of lateral buds (witch’s brooming) on some species. The virus 
18 readily transmissible mechanically to horsebean {Vicia faba), red clover 
{Tnfoltum praienae), crimson clover {TnfoUum tncamalutn), garden peas 
{Piaum aativum), and field pea {Ptaum arvenae). It apparently docs not at¬ 
tack garden bean {Phaaeolua wlgaru), soybean {Soja max), alfalfa {Medicago 
softro), cowpea {Vtgna atnenaia), or Petunia hybnda. Host range and 
property studies completed to date show this virus to be similar in many 
respects to the known strains of pea mosaic but it differs in other respects 
ana further work is necessary to determine whether it shall be describe as 
a strain of pea mosaic or as a distinct entity to be known os Crotalarta 
mosaic. 

E. D. McAllister: New facta in photoayntheaia. Experimental evi¬ 
dence was presented indicating the formation, during the actual process of 
photosynthesis, of a material in relatively large quantities which combines 
with or absorbs carbon dioxide. The experiments establishing the existence 
of this carbon-dioxide-combinins intermediate are entirely new m type, and 
the intermediate bears no evident relationship with any plant material 
previously desenbed as combining with carbon dioxide, being produced, 
as it is, only during the actual process of photosynthesis, and apparently 
surviving thereafter for a short time Its presence during photosyntberis can 
be measured by a "pick-up” of carbon dioxide in darkness immediately 
following a high rate of photosjmthesis. That chlorophyll is intimately re¬ 
lated to or associated with this intermediate is suggested by a simple 
stoichiomet^ of the order of unity that is found to exist between the number 
of carbon dioxide molecules taken up and the total number of chlorophy)! 
molecules present in the plant, 

Alice M. Andersen, Secretary. 
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